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I . INTRODUCTION 


Arteriosclerosis  is  the  chief  cause  of  death  in  the  United  States.  Its 
victims,  predominantly  men,  are  frequently  heads  of  households  unexpectedly 
taken  from  their  families  at  the  prime  of  their  productive  lives.  The 
cumulative  personal  and  social  losses  are  appalling. 

Disappointingly,  the  United  States  ranks  24th  in  the  world  with  respect 
to  life  expectancy  for  men.  The  high  mortality  from  arteriosclerosis  is 
one  of  the  major  contributing  factors  to  this  shortened  life  expectancy. 

The  extent  of  the  problem  is  exemplified  by  mortality  from  coronary  heart 
disease,  one  of  the  major  clinical  manifestations  of  arteriosclerosis.  In 
Denmark,  Norway,  and  Sweden  the  mortality  rate  for  men  under  the  age  of 
55  is  less  than  half  that  for  the  same  age  group  in  the  United  States. 

For  Japanese  men  between  the  ages  of  35  and  64,  the  death  rate  is  64  deaths 
per  100,000  population,  compared  to  400  deaths  per  100,000  in  the  United 
States;  a six-fold  difference.  Although  attempts  to  learn  why  the  United 
States  fares  so  poorly  in  these  comparisons  have  not  been  conclusive,  studies 
have  suggested  that  differences  in  diet,  life-style,  and  personal  habits  may 
be  important.  Even  more  significantly,  these  studies  have  emphasized  that 
arteriosclerosis  is  preventable  and  that  certain  influences  called  "risk 
factors"  may  be  of  particular  etiologic  importance. 

Much  thought  and  investigation  already  has  been  devoted  to  such  risk  factors 
as  elevated  blood  lipid  levels,  hypertension,  cigarette  smoking  and  obesity. 
However,  much  more  remains  to  be  learned  about  the  role  of  these  and  other 
factors  and  their  interplay  in  the  genesis  of  arteriosclerosis.  Many  author- 
ities feel  that  proper  application  now  of  existing  knowledge  would  decrease 
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illness  and  death  from  arteriosclerosis. 


Accordingly,  Dr.  Theodore  Cooper,  Director  of  the  National  Heart  and  Lung 
Institute,  convened  a Task  Force  on  July  9,  1970,  to  develop  a long-range 
plan  to  combat  arteriosclerosis.  The  goal  was  a program  aimed  at  prevention 
and  control  of  the  disorder,  and  effective  treatment  of  its  complications. 

This  report  contains  the  results  of  one  year  of  deliberations  by  the  Task 
Force.  The  members  met  at  regular  monthly  intervals  to  assess  the  magnitude 
of  the  problem  of  arteriosclerosis,  to  develop  an  understanding  of  its 
economic  and  social  consequences,  to  evaluate  currently  available  scientific 
information  on  the  disease,  to  evolve  conclusions  and  recommendations,  and 
to  formulate  a long-range  program  for  their  implementation.  The  enormity  of 
the  problem  necessitated  the  convening  of  panels  of  experts  (see  Appendix  B) 
to  assist  the  Task  Force  in  carrying  out  its  charge. 

Three  general  conclusions  could  readily  be  reached  at  the  end  of  these 
deliberations . First,  an  extraordinary  amount  o f useful  and  highly  relevant 
Information  bearing  on  this  complex  disease  has  been  obtained  from  the 
research  already  completed  In  this  country  and  others  during  the  past  20 
years.  Second,  this  research  has  led  to  new  knowledge  which  should  be  more 
fully  exploited  by  the  National  Heart  and  Lung  Institute  to  the  advantage  of 
the  citizens  of  this  country  and  third,  despite  these  Important  new  data  the 
totality  of  existing  knowledge,  especially  as  It  relates  to  the  basic  causes 
of  the  disease,  does  not  permit  efficient  or  comprehensive  control  of  either 
atherosclerosis  or  Its  complications , such  as  heart  disease,  stroke,  kidney 
failure  or  peripheral  vascular  disease.  Thus,  the  logical  recommendations 
that  follow  from  these  conclusions  are  that  this  country  should:  7)  without 
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delay,  develop  efaectlve  mechanism*  fan  the  exploitation  o fa  existing  know- 
ledge.; and  2)  necognlze  the  necessity  fan  continued  and  accelenated  neAeanch 
at  the  mo6t  baAlc  level,  Aeeklng  Infanmatlon  which  will  afaond  ultimate 
contnol  ofa  thlA  Impontant  diAeaAe. 

The  report  is  published  in  two  volumes  of  which  this  is  the  second.  Volume  I 
deals  with  general  aspects  of  the  problem  and  presents  the  major  conclusions 
and  recommendations.  In  order  to  communicate  this  information  to  interested 
and  concerned  individuals,  who  may  be  unfamiliar  with  medical  terminology, 
an  attempt  has  been  made  to  present  Volume  I in  non-technical  language. 

Volume  II  contains  technical  information  on  the  current  state  of  knowledge 
and  conclusions  and  recommendations  in  each  of  the  following  areas:  Athero- 

genesis,  Risk  Factors,  Presymptomatic  Atherosclerotic  Disease,  Overt  Athero- 
sclerotic Disease,  and  Rehabilitation.  In  a few  instances  the  same  material 
has  been  included  in  Volumes  I and  II  to  facilitate  understanding  of  several 
major  recommendations. 

This  report  would  not  have  been  possible  without  the  assistance  of  the 
individuals  listed  in  appendix  A,  and  the  expert  witnesses  who  made  up  the 
panels  listed  in  appendix  B. 
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II.  ATHEROGENESIS 


A.  THE  LESION 

Current  State  of  Knowledge 

The  lesions  of  atherosclerosis  are  found  in  large  and  medium-sized  arteries 
and  affect  primarily  the  intima.  The  lesions  are  characterized  by  progres- 
sive accumulations  of  lipids  and  increasing  fibrous  thickening  of  localized 
areas  of  the  intima.  Atherosclerotic  lesions  may  be  classified  into  three 
types  on  the  basis  of  their  appearance  to  the  unaided  eye:  1)  fatty  streaks, 
2)  fibrous  plaques,  and  3)  complicated  lesions.  Microscopically  each  of 
these  lesions  varies  widely  in  cellular  and  connective  tissue  composition. 

In  addition  to  compromising  the  blood  supply  by  narrowing  the  lumen  of  the 
vessel,  the  lesions  may  cause  clinical  disease  by  predisposing  to  thrombosis 
or  by  weakening  the  affected  artery  resulting  in  an  aneurysm.  Certain  seg- 
ments of  the  arterial  tree  are  more  prone  to  develop  atherosclerotic  lesions 
than  others.  The  principal  locations  of  the  lesions  are  the  aorta  and  its 
major  branches,  the  coronary  arteries,  and  the  larger  arteries  of  the  brain. 
Characteristically,  the  lesions  appear  earlier  in  some  arteries  than  in 
others.  In  general,  the  time  sequence  of  appearance  is  the  aorta,  the 
coronary  arteries,  and  the  cerebral  arteries.  The  histology  of  a normal 
coronary  artery  is  shown  in  Figure  1. 

The  first  gross  evidence  of  atherosclerosis  is  the  fatty  streak  (Figure  2) . 

It  consists  of  an  intimal  accumulation  of  lipid  associated  with  an  increase 
in  intimal  cells.  This  lesion  is  typically  sessile,  and  does  not  cause  any 
significant  degree  of  obstruction  of  the  vessel.  Therefore,  it  does  not 
cause  clinical  disease.  The  lesions  associated  with  clinical  disease  are 
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FIGURE  1 


A section  of  coronary  artery  from  a three-year  old 
child  with  no  evidence  of  atherosclerosis  (H&E;  X190) 
(AFIP  Neg.  56-23037) . 
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FIGURE  2 


Micrograph  of  fatty  streak  lesion  from  the  abdominal  segment  of 
of  the  aorta  (Oil-red-O  and  hematoxylin) . 
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fibrous  plaques  and  complicated  lesions.  The  fibrous  plaque  is  raised  and 
protrudes  into  the  vessel  lumen.  Histologically,  it  consists  of  a central 
core  of  lipid  lying  free  in  the  vessel  wall  and  covered  on  the  lumen  side  by 
a fibromuscular  layer  of  tissue  which  may  be  several  times  the  thickness  of 
the  normal  intima  (Figures  3 and  4) . The  complicated  lesion  is  a fibrous 
plaque  with  various  degrees  of  degenerative  change  such  as  hemorrhage  into 
the  lesion,  mural  thrombosis,  ulceration,  or  calcification. 

The  age  at  which  fatty  streaks  first  appear  varies  in  the  different  segments 
of  the  arterial  vasculature.  The  earliest  lesions  occur  in  the  aorta  and 
can  be  observed  in  infancy.  By  the  age  of  10  years  fatty  streaks  are  present 
in  the  aorta  of  every  child  regardless  of  race,  sex,  or  environment.  The 
extent  of  aortic  intimal  surface  covered  by  fatty  streaks  increases  with  age 
from  about  10  percent  at  age  10  years  to  30-50  percent  by  age  25  years.  Pop- 
ulations that  vary  widely  in  incidence  and  prevalence  of  disease  due  to 
atherosclerosis  later  in  life  show  only  slight  or  insignificant  differences  in 
the  extent  of  aortic  fatty  streaks  early  in  life.  Coronary  artery  fatty 
streaks  are  first  observed  at  about  15  years  of  age  and  increase  in  surface 
extent  with  age.  The  extent  of  coronary  artery  fatty  streaks  early  in  life 
is  a better  predictor  for  clinically  significant  lesions  later  in  life  than 
are  fatty  streaks  in  the  aorta.  Up  to  age  34,  the  incidence  and  extent  of 
fatty  streaks  in  the  cerebral  arteries  (carotid,  vertebral,  and  intracranial 
arteries)  are  similar  in  populations  that  vary  widely  in  incidence  and 
prevalence  of  cerebrovascular  disease;  beyond  34  years  of  age  the  extent 
of  fatty  streaks  and  plaques  is  greater  in  populations  with  a high  incidence 
of  cerebrovascular  disease.  The  age  at  which  fatty  streaks  appear  in  the 
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FIGURE  3 


A longitudinal  section  of  coronary  artery  with  an  atheroma.  Deep 
in  the  intima  there  is  an  accumulation  of  fatty  material  which  is 
predominantly  in  macrophages.  Between  this  lesion  and  the  lumen, 
there  is  a fibrous  plaque.  (H&E;  X22)  (AFIP  NEG.  56-6343). 


FIGURE  4 

A section  of  coronary  artery  with  more  advanced  atherosclerosis  with 
a thick  fibrous  plaque.  The  amount  of  lipid  in  this  atheroma  is 
relatively  small.  The  focal  involvement  with  minimal  pathologic 
changes  in  the  opposite  wall  is  the  usual  morphologic  pattern. 

(H&E;  X14)  (AFIP  NEG.  56-6662). 
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various  cerebral  arteries  differs;  lesions  in  the  vertebral  and  intracranial 


arteries  appear  one  to  two  decades  later  than  those  in  the  carotid 

1,2 

arteries . 

Considering  fibrous  plaques  and  complicated  lesions  collectively  as  raised 
lesions  there  is  wide  variation  in  the  prevalence  and  extent  of  these  lesions 
among  populations  with  different  degrees  of  clinical  disease.  The  populations 
with  the  highest  incidence  of  raised  lesions  in  their  arteries  also  have  the 
highest  incidence  and  prevalence  of  clinical  disease  due  to  atherosclerosis. 
The  extent  of  intimal  coverage  by  raised  lesions  may  vary  as  much  as  three- 
fold between  populations  with  high  and  low  incidence  of  disease.  These 
lesions  generally  are  first  apparent  in  the  aorta,  coronary,  and  carotid 
arteries  between  ages  25  and  30  years.  In  the  vertebral  and  intracranial 
cerebral  arteries  raised  lesions  are  not  generally  seen  until  one  to  two 
decades  later. ^ 

The  reasons  for  the  differing  susceptibility  of  various  segments  of  the 
arterial  tree  to  atherosclerosis  have  not  been  explained.  Further,  in  any 
given  arterial  segment  the  distribution  of  the  lesions  is  characteristically 
spotty. 

Why  the  lesions  in  the  intima  are  localized  and  not  diffuse  has  not  been 
satisfactorily  explained.  Hemodynamic  forces  and  arterial  wall  stresses 
incident  to  anatomical  vessel  fixation  have  been  offered  as  a possible 
explanation  of  sites  of  susceptibility  and  lesion  localization,  but  such 
forces  alone  cannot  totally  explain  the  phenomenon.  Hemodynamic  forces  and 
anatomic  fixation  of  arteries  are  common  to  all  men  while  the  extent  of 
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arterial  plaques  varies  widely.  Other  etiological  factors  must  be  present; 
perhaps  such  factors  act  in  concert  or  discord  with  hemodynamic  forces  and 
anatomic  fixation  in  arteries. 

Relation  of  Fatty  Streaks  to  Plaques.  The  relation  of  fatty  streaks  to 
fibrous  plaques  is  a question  that  is  desperately  in  need  of  clarification. 

The  fact  that  fatty  streaks  are  present  in  all  populations  regardless  of 
their  propensity  to  develop  plaques  and  clinical  disease  is  difficult  to 
reconcile  with  the  thesis  that  they  are  an  early  stage  of  plaque  formation. 
Further,  the  fact  that  fibrous  plaques  develop  in  a different  segment  of 
the  aorta  from  that  in  which  fatty  streaks  are  seen  earlier  in  life  has 

3 

been  offered  as  evidence  that  fatty  streaks  and  fibrous  plaques  are  unrelated. 

Counter  to  the  last  argument  is  the  finding  that  in  coronary  arteries  and 

extracranial  cerebral  arteries  fibrous  plaques  are  found  at  the  same  anatomic 

2 

location  where  fatty  streaks  are  observed  earlier  in  life.  The  panel  of 
pathologists  (Appendix  B)  appearing  before  the  Task  Force  felt  strongly 
that  fatty  streaks  are  an  early  stage  of  fibrous  plaque  formation.  They 
expressed  the  opinion  that  fatty  streaks  vary  in  their  potential,  i.e., 
some  regress,  some  are  static,  and  some  progress  to  plaques.  A difference 
in  structure  or  chemical  composition  between  fatty  streaks  in  various 
anatomical  locations  has  not  yet  been  found  to  correlate  with  their  fate. 

Initial  Lesion.  Many  investigators  through  the  years  have  proposed  that 
there  is  some  local  injury  and  reaction  in  an  artery  that  precedes  and  pre- 
disposes to  lipid  deposition.  Such  a local  injury  and  reaction  has  often 

4 

been  referred  to  as  the  "initial  lesion."  The  basic  question  is  whether 
lipid  deposition  is  secondary  to  some  alteration  in  the  arterial  intima,  or 
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FIGURE  5 


A section  of  coronary  artery  illustrating  an  atheroma  with 
hemorrhage  (upper  left)  associated  with  loss  of  intimal 
continuity  and  superimposed  recent  thrombosis  which  occludes 
the  lumen.  (H&E;  X14)  (AFIP  Neg.  54-967-4). 
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FIGURE  6 


A section  of  coronary  artery  with  advanced  atherosclerosis 
and  a central  organized  thrombus  that  is  recanalized.  Beneath 
the  organized  thrombus  is  a small  collection  of  extracellular 
lipid  with  focal  calcification.  (H&E;  X12)  (AFIP  Neg.  60-2426) . 
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whether  it  is  the  cause  of  the  alteration.  Local  changes  in  amount,  type 
or  physical  properties  of  mucopolysaccharides  may  represent  the  initial 
lesion.  A local  defect  in  enzyme  activity  has  also  been  proposed  as  an 
initial  lesion  predisposing  to  lipid  deposition.  The  problem  in  accepting 
any  of  these  proposals,  or  indeed  the  very  concept  of  an  initial  lesion, 
is  our  inability  to  observe  and  study  a single  site  in  the  arterial  vascula- 
ture more  than  once.  Thus,  any  proposal  of  what  might  have  happened  to  a 

4 

given  area  of  arterial  intima  at  an  earlier  or  a later  date  is  speculation. 

A possible  initial  lesion  of  atherosclerosis  is  the  f ibromusculoelastic 

intimal  thickening  that  is  observed  in  certain  segments  of  human  arteries. 

It  has  been  observed  that  those  segments  of  the  arterial  vasculature  that 

are  most  likely  to  develop  atherosclerotic  lesions  are  the  same  as  those 

where  intimal  thickening  occurs.^  The  most  striking  example  of  this  is  the 

coronary  artery  where  intimal  thickening  begins  at  or  before  birth  and 
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continues  until  about  age  30  years.  Other  sites  of  intimal  thickening  are 
the  abdominal  segment  of  the  aorta,  the  iliac  and  femoral  arteries,  and 
sites  of  branching  from  large  arteries,  each  of  which  represents  sites  where 
plaques  are  commonly  found  later  in  life.  Fibromusculoelastic  intimal 
thickening  has  been  studied  most  intensively  in  the  coronary  arteries,  where 
it  is  greatest  in  the  proximal  portions  and  diminishes  in  magnitude  distally. 
The  prevalence  and  magnitude  of  intimal  thickening  of  the  coronary  artery 
have  been  found  to  be  similar  in  diverse  population  groups  although  these 
same  populations  vary  widely  in  incidence  and  prevalence  of  coronary  heart 
disease . ^ 

Thus  it  is  evident  that  in  the  coronary  vasculature  the  presence  and  magnitude 
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of  intimal  thickening  does  not  of  itself  determine  whether  atherosclerotic 
plaques  will  develop.  The  thickened  intima  may  be  more  susceptible  to  lipid 
deposition,  and  thus  to  atherosclerosis,  than  normal  intima  when  forces 
operate  that  promote  lipid  deposition. 

Experimental  work  has  indicated  that  incident  to  hyperlipidemia,  lipid 

deposition  in  spontaneous  arterial  plaques  is  greater  than  in  adjacent  areas 

6“*10 

of  normal  intima  of  the  same  artery.  If  intimal  thickening  does  pre- 

dispose to  development  of  atherosclerotic  lesions  in  the  human  we  must 
conclude,  on  the  basis  of  the  ubiquity  of  intimal  thickening,  that  all  humans 
are  predisposed  to  atherosclerosis. 

The  fatty  streak  lesion  has  been  the  target  of  most  of  the  morphological 
and  chemical  studies  done  both  in  man  and  with  experimental  models.  Experi- 
mental studies  have  repeatedly  shown  that  the  induction  of  hyperlipidemia  will 
induce  fatty  streaks,  usually  in  the  aorta,  if  the  level  of  serum  lipids 
and  time  of  exposure  are  sufficient.  The  chemical  composition  of  human  fatty 
streaks  is  similar  to  that  of  experimental  fatty  streaks  being  composed 
largely  of  cholesterol,  mostly  cholesteryl  esters.'*''*'  Studies  with  isotopi- 

cally  labelled  cholesterol  have  demonstrated  that  nearly  all  of  the  choles- 

12 

terol  in  the  lesions  is  derived  from  the  blood  plasma.  Other  studies 

suggest  that  a protein  component  of  plasma  S-lipoprotein  is  present  in  the 
12 

lesions.  These  observations  have  led  to  the  tentative  conclusion  that 
plasma  S-lipoprotein  is  transported  from  the  blood  through  the  endothelium 
into  the  intima.  The  mechanism  by  whi  h this  transport  occurs  is  unknown. 

Morphological  and  biochemical  studies  have  provided  some  information  regarding 
the  fate  of  lipid  once  in  the  arterial  intima.  Numerous  investigators  have 


14 


shown  accumulation  of  lipid-containing  vacuoles  in  smooth  muscle  cells  and 

have  proposed  that  the  foam  cells  observed  in  the  lesions  are  derived  from 

13 

smooth  muscle  cells.  Nevertheless,  there  is  controversy  as  to  whether  all 

4 

the  cells  in  the  lesion  are  of  smooth  muscle  origin.  Some  investigators 

have  offered  evidence  that  mononuclear  type  cells  probably  derived  from  the 

4 

blood  are  present  in  the  lesion  and  give  rise  to  the  foam  cells. 

Whether  or  not  the  smooth  muscle  cell  is  the  key  cell  in  the  atherosclerotic 
lesion  is  an  important  question  with  regard  to  the  ultimate  fate  of  the 
lesion — steady  state,  regression,  or  progression.  Clearly  the  smooth  muscle 
cell  plays  an  important  role  in  the  evolution  of  the  lesion.  In  addition  to 
accumulating  cytoplasmic  lipid,  smooth  muscle  cells  have  been  shown  to  have 
the  capacity  for  elaborating  precursors  of  the  structural  elements  of 
connective  tissue:  elastin,  collagen,  microfibrils,  and  basement  membrane. 

Several  laboratories  currently  are  growing  smooth  muscle  cells  of  arterial 
origin  in  vitro  and  studying  their  capacity  for  lipid  accumulation  and 
connective  tissue  synthesis.  Such  studies  should  add  immeasurably  to  our 
knowledge  of  lipid  transport  into  and  out  of  these  cells  and  the  stimuli 
to  connective  tissue  elaboration. 

Metabolism  of  the  arterial  wall  has  been  studied  primarily  in  the  normal 
artery  and  the  fatty  streak  lesions.^  Oxygen  consumption  in  the  normal 
arterial  wall  is  very  low  relative  to  that  of  liver  or  kidney  and  does  not 
change  with  aging,  whereas  oxygen  consumption  in  an  artery  with  fatty 
streaks  is  increased  over  that  of  a normal  artery.  With  aging  or  in  the 
presence  of  fatty  streaks,  adenosine  triphosphate  (ATP)  production  is  less 
than  that  predicted  from  oxygen  consumption,  suggesting  uncoupling  of 
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oxidative  phosphorylation.  Approximately  50  percent  of  ATP  produced  is  from 
glucose  consumption,  and  the  substrate  for  the  remaining  ATP  production  is 
probably  free  fatty  acid. 

Glucose  utilization  in  arteries  is  primarily  by  glycolysis  to  lactic  acid. 

The  rate  of  synthesis  of  phospholipids,  fatty  acids,  and  sterols  in  arteries 

with  fatty  streaks  is  greater  than  that  in  normal  arteries.  The  fatty  acid 

composition  of  cholesteryl  esters  in  fatty  streaks  differs  significantly 

from  that  of  cholesteryl  esters  in  plasma,  reflecting  perhaps  esterification 

of  plasma -derived  free  cholesterol  in  the  artery  wall.  Present  knowledge 

of  arterial  wall  metabolism  is  fragmentary  and  is  insufficient  to  describe 

4 

the  pathogenesis  of  the  atherosclerotic  lesion. 

The  belief  is  generally  held  that  fatty  streaks  are  reversible  lesions. 

This  belief  is  based  more  upon  faith  and  speculation  than  scientific  infor- 
mation. Fifty  years  ago  it  was  noted  that  in  infancy  aortic  fatty  streaks 
were  found  mainly  over  the  aortic  valve  ring  and  in  the  first  portion  of 
the  arch  of  the  aorta;  aortic  fatty  streaks  in  adolescents  are  found  in  the 
descending  thoracic  segment  of  the  aorta;  and  fatty  streaks  and  plaques 
later  in  life  are  found  in  the  abdominal  segment  of  the  aorta.  This  sequence 
of  observations  was  interpreted  to  demonstrate  that  fatty  streaks  in  the  more 

proximal  segments  of  the  aorta  regress.  The  experimental  studies  of 

14 

Anitschkow  are  classic  in  this  regard.  He  observed  that  the  lesions  of 

cholesterol-fed  rabbits  after  cessation  of  cholesterol  feeding  undergo  a 

metamorphosis  from  an  intimal  hillock  of  foam  cells  to  lesions  smaller  in 

volume  composed  of  a core  of  extracellular  lipid  with  an  overlying  fibro- 
14 

muscular  cap.  This  volume  change  suggests  regression.  However,  the 
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morphology  of  the  lesion  after  cessation  of  cholesterol  feeding  is  more  like 

that  of  a plaque  than  a fatty  streak.  The  fatty  streak  regression  experiment 

has  been  repeated  recently  in  a subhuman  primate. ^ It  is  difficult  to 

determine  whether  the  experimental  studies  show  regression  of  the  fatty 

streak  or  progression  to  a plaque.  If  the  observed  "regression"  lesions 

16 

become  vascularized  as  has  been  demonstrated  in  one  study,  these  lesions 
may  with  time  increase  in  mass  by  the  mechanisms  that  cause  fibrous  plaques 
to  increase.  A long-term  follow-up  of  such  lesions  has  not  yet  been  done. 

Fibrous  Plaque  Lesions.  With  presently  available  information  we  can  only 
speculate  on  the  factors  that  cause  fibrous  plaques  to  increase  in  mass. 

These  factors  may  be  the  same  as  those  leading  to  the  initial  lesion.  Three 
possible  mechanisms  have  been  proposed:  lipid  accumulation,  hemorrhage,  and 

mural  thrombosis.  These  mechanisms  are  not  mutually  exclusive  and  could  well 
operate  simultaneously.  It  is  also  quite  possible  that  there  are  other  yet 
to  be  discovered  mechanisms  by  which  plaques  grow. 

The  first  mechanism  by  which  plaques  might  increase  in  mass  is  by  continuous 
lipid  accumulation  from  the  blood.  This  mechanism  could  be  the  same  one 
that  generates  fatty  streaks.  The  stimulus  for  the  change  of  a fatty  streak 
lesion  to  a fibrous  plaque  has  been  thought  by  some  to  be  necrosis  of  lipid- 
containing  cells  with  release  of  lipid  into  the  extracellular  space.  The 
extracellular  lipid  stimulates  fibrous  connective  tissue  formation  with  the 
extracellular  mass  of  lipid  forming  the  core  of  the  fibrous  plaque.  By 
some  yet  to  be  discovered  mechanism  fibrous  plaques  can  become  vascularized. 
These  blood  vessels  arise  from  adventitial  vessels  and  may  also  arise  from 
the  lumen  of  the  artery. 
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Hemorrhage  from  vessels  at  the  base  of  a fibrous  plaque  is  commonly  observed 
and  represents  a second  mechanism  by  which  plaques  can  increase  in  mass.  The 
cause  of  these  hemorrhages  is  unknown.  Certain  proposed  risk  factors  (hyper- 
tension, anoxia  (smoking?) , mechanical  stress)  may  exert  their  effect  in  part 
or  totally  by  causing  such  hemorrhages.  Hemorrhage  into  plaques  also  has 
been  demonstrated  on  the  basis  of  cracks  or  fissures  developing  in  the  fibrous 
cap  with  extravasation  of  blood  into  the  plaque  from  the  lumen  of  the  artery. ^ 

The  cause  of  the  fissures  has  been  proposed  to  be  mechanical,  i.e.  the 
result  of  pulsatile  pressure  acting  on  a rigid  segment  of  the  arterial  wall. 
Another  possible  cause  is  hemorrhage  into  the  lesion  from  small  vessels  at 
the  base  of  the  atheroma,  leading  to  expansion  and  bursting  of  the  lesion. 

Mural  thrombosis  is  the  third  mechanism  by  which  plaques  increase  in  mass. 
Thrombosis  is  without  question  a common  mechanism,  yet  the  stimulus  for  the 
formation  of  the  mural  thrombus  is  not  known.  Cracks  or  fissures  could  lead 
to  formation  of  a thrombus  by  virtue  of  interruption  of  the  smooth  endothelial 
surface.  Changes  in  hemodynamics  due  to  protrusion  of  the  plaque  into  the 
lumen  of  the  vessel  may  be  an  additional  factor  in  thrombus  formation 
(Figures  4-7) . 

The  mechanisms  by  which  plaques  increase  in  mass  very  likely  are  the  same  as 
those  that  initiate  clinical  disease.  The  sudden  development  of  symptoms  due 
to  rapidly  developing  arterial  obstruction  is  usually  caused  by  thrombosis. 
Plaque  hemorrhage  and  rupture  also  can  give  rise  to  atheromatous  embolism 
causing  transient  or  permanent  tissue  changes  in  the  distribution  of  the 
artery,  e.g.,  myocardial  infarction  and  fibrosis,  transient  cerebral  ischemic 
attacks,  or  microinfarcts  in  the  brain.  The  exact  sequence  of  events  that 
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FIGURE  7 


A higher  power  view  of  the  organized  thrombus  in  Figure  5. 
(H&E;  X80)  (AFIP  Neg.  61-5026). 
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FIGURE  8 


A portion  of  a coronary  artery  with  hemosiderin  deposition 
in  an  organized  thrombus  and  contiguous  atheroma.  (H&E;  X60) 
(AFIP  Neg.  61-5724-2) . 
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occurs  acutely  in  an  atherosclerotic  plaque  leading  to  arterial  obstruction 
and  clinical  disease  is  not  known.  Further,  the  role  that  risk  factors  play 
in  the  etiology  of  the  acute  events  in  a plaque  that  lead  to  clinical  disease 
is  not  known.  Clarification  of  these  two  unknowns  could  do  much  to  prevent 
or  delay  the  onset  of  clinical  disease. 

There  is  almost  no  information  available  regarding  the  metabolism  of  fibrous 
plaques.  Histochemical  studies  have  generally  shown  a decrease  in  enzyme 
activities  in  plaques  and  complicated  lesions  compared  to  fatty  streaks.^ 
Studies  of  lipid  composition  of  plaques  compared  to  fatty  streaks  have  shown 
the  greatest  differences  to  be  an  increase  in  the  amount  of  free  cholesterol 
relative  to  esterified  cholesterol,  and  increased  sphingomyelin  in  plaques . ^ 
Obviously,  the  information  available  is  far  too  meager  to  be  translated  into 
an  account  of  metabolic  changes  associated  with  or  causative  for  plaque 
initiation  and  growth. 

Unresolved  Problems 

The  one  overriding  problem  in  atherosclerosis  is  that  we  do  not  as  yet  under- 
stand the  basic  mechanism  underlying  the  development  of  the  lesion,  nor  how 
various  risk  factors  act  to  influence  the  progress  of  these  lesions  so  as  to 
bring  about  premature  development  of  clinical  disease.  This  lack  of  knowledge 
makes  it  difficult  to  develop  a rational  program  of  prevention  and  control. 

There  are  several  procedures  for  assessing  the  "severity"  of  atherosclerosis 
at  autopsy,  but  none  are  generally  accepted  or  utilized.  "Severity"  is  a 
general  term  that  incorporates  into  its  meaning  extent  of  lesions,  type  of 
lesions,  and  degree  of  lumen  obstruction.  If  data  collected  in  various 
centers  are  to  be  comparable  we  must  have  a uniform  method  for  determining 
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the  severity  of  atherosclerosis. 


Another  problem  is  the  difficulty  in  assessing  the  degree  of  atherosclerosis 
in  a given  patient  during  life.  Presently  the  assessment  of  the  severity  of 
atherosclerosis  and  its  rate  of  progression  or  regression  can  only  be  made 
with  invasive  methods  such  as  coronary  angiography.  (See  Section  on  Coronary 
Presymptomatic  Atherosclerotic  Disease.)  There  is  a need  for  the  development 
of  safe  noninvasive  techniques  to  estimate  the  severity  of  atherosclerosis 
during  life.  Such  methods  would  enable  the  detection  of  atherosclerosis  at 
an  earlier  stage  when  it  might  be  more  responsive  to  intervention.  These 
methods  would  also  be  valuable  in  accurately  assessing  the  efficacy  of  inter- 
vention or  therapy  without  endangering  the  patient's  life. 

The  microscopic  detection  of  ischemic  tissue  in  specimens  removed  at  autopsy 
is  difficult  until  that  point  in  time  when  cellular  death  and  the  reaction  of 
inflammation  are  apparent.  If  a patient  dies  suddenly  due  to  acute  insuffi- 
ciency of  the  blood  supply  to  vital  organs  such  as  the  heart  or  the  brain, 
current  microscopic  techniques  are  not  sensitive  enough  to  register  a change 
in  the  tissues.  Thus,  accurate  diagnosis  of  the  site  of  the  lesion  may  be 
impossible.  Hence,  there  is  a need  for  further  development  of  methods  for 
early  detection  of  ischemic  tissue. ^ 

Presently,  collateral  circulation  channels  can  be  demonstrated  at  autopsy  by 
angiographic  methods.  There  is  need  for  development  of  methods  for  quanti- 
tating the  amount  of  collateral  circulation  which  will  permit  a prediction 
of  its  adequacy. 

The  role  of  hemodynamic  forces  in  the  genesis  and  localization  of  atheroscle- 
rotic lesions  remains  unknown,  and  needs  to  be  evaluated. 


22 


The  relation  of  fatty  streaks  to  plaque  formation  is  another  unresolved 
problem.  If  it  is  true  that  some  fatty  streaks  regress  or  remain  stable 
while  others  progress  to  fibrous  plaques,  we  must  understand  the  reason  for 
this  variable  behavior  which  quite  obviously  offers  a logical  point  for 
prevention  of  plaque  formation  and  disease. 

Metabolism  of  normal  arterial  tissue  and  atherosclerotic  lesions  is  incom- 
pletely understood.  Metabolism  is  used  here  in  the  broadest  sense  of  the 
word — oxygen  consumption,  energy  generation,  substrates  oxidized,  oxidative 
pathways,  synthetic  activity,  permeability,  and  compositional  changes.  The 
atherosclerotic  lesion  is  a reaction  of  the  artery  wall  to  injury;  an  under- 
standing of  this  reaction  has  considerable  potential  for  elucidating  the 
mechanisms  of  localization  of  lesions  and  the  differing  susceptibilities 
of  various  arterial  beds  to  lesions.  This  information  could  serve  as  a 
basis  for  the  development  of  new  preventive  or  therapeutic  measures. 

The  cellular  reaction  of  the  arterial  wall  during  lesion  formation  needs  to 
be  elucidated.  Further  studies  of  the  origin  of  the  cells  in  the  lesion 
and  the  control  of  their  metabolism  with  regard  to  lipids  and  connective 
tissue  are  needed. 

The  mechanism(s)  of  transport  of  lipids  from  the  blood  into  the  arterial  wall 
is  not  understood. 

The  mechanisms  by  which  fibrous  plaques  increase  in  mass  were  discussed 
above.  Whether  these  are  the  only  mechanisms  is  unknown  and  further  the 
relative  roles  of  these  mechanisms  is  not  known.  The  causes  of  arterial 
occlusion  are  at  best  incompletely  understood  and  relate  in  part  to  the 


23 


mechanisms  of  plaque  growth.  The  role  of  hemodynamic  forces  in  the  causa- 
tion of  plaque  complications  is  also  in  need  of  clarification. 

There  is  need  for  continued  development  of  experimental  models  especially  for 
studies  of  plaque  formation  and  growth,  and  of  the  relation  of  atherosclero- 
sis to  infarction  and  thrombosis. 

Recommendation* 

\.  There  is  an  urgent  need  {or  continued  ayid  expanded  *upport  o{  basic 
investigation * into  the  pathogenesis  o{  the  atheno*  clenotic  lesion  includ- 
ing the  e{{ect  o{  hemodynamic  {once*,  the  relation  o{  {atty  *treak*  to 
plaque  {ormation,  the  Hole  o{  altered  arterial  Mall  metabolism  and  cellulaA 
reaction  during  le*ion  {ormation,  the  mechanism  o{  transport  o{  lipid  aero** 
the  arterial  mil,  and  the  mechanism*  o{  growth  o{  { ibrou*  plaque*. 

2.  The  continued  development  o{  animal  experimental  model*  o{  the  human 
disea* e *hould  be  *upported. 

3.  A uniform  method  {on  determining  the  *everity  o{  atheno* cleno*is  at 
autop*y  need*  to  be  established  *o  that  data  collected  at  various  research 
center*  can  be  compared. 

4.  There  is  need  {or  the  development  o{  *a{e  noninvasive  technique*  {or 
estimating  the  *evenity  o{  athero*  clero*is  in  the  various  arterial  bed* 
during  li{e. 

5.  Method*  {or  the  early  detection  o{  ischemic  ti**ue  in  awtop*y  *pecimen* 
need  {anther  *tudy. 
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6.  A method  oft  quantdXcuting  the  adequacy  ofa  co&t&teAal  CAAeuZcitton  needA 
to  be  developed. 
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B.  THROMBOSIS 


Current  State  of  Knowledge 

Thrombosis  is  intimately  related  to  atherogenesis . It  not  only  contributes 
to  the  progression  of  atherosclerotic  lesions  but  also  is  responsible  for 
many  of  the  clinical  complications  of  atherosclerosis.  Thrombosis  may  result 
in  occlusion  of  the  arterial  lumen  causing  acute  myocardial  infarction. 

Thrombi  overlying  atherosclerotic  lesions,  as  in  the  aorta,  may  become  dis- 
lodged and  by  embolism  cause  arterial  occlusion  and  infarction  in  distant 
body  sites.  If  the  thrombotic  process  could  be  halted  or  reversed,  some  of 
the  serious  consequences  of  atherosclerosis  might  well  be  reduced. 

Basic  Mechanisms  of  Thrombosis.  Three  main  biologic  mechanisms  or  functions 

of  the  blood  are  operative  in  thrombosis.  They  are:  1)  Fibrin  coagulation; ^ ’ 

3 4 5 

2)  platelet  adhesion  and  aggregation;  ’ and  3)  decreased  fibrinolysis.  All 
of  these  mechanisms  are  complicated,  but  once  understood,  they  become  a poten- 
tial advantage  in  the  control  of  thrombosis,  since  they  offer  so  many  points 
at  which  the  individual  systems  may  be  altered  to  reduce  the  tendency  to 
thrombosis . 

Of  the  three  mechanisms,  knowledge  of  fibrin  coagulation  is  most  advanced. 
Fibrin  coagulation  involves  a series  of  enzyme  activations  of  procoagulant 
proteins  in  the  blood  plasma,  in  the  presence  of  tissue  and  cellular  compo- 
nents, along  with  calcium.  These  steps  are  diagrammed  in  Figure  1.  The  reac- 
tion may  proceed  along  either  of  two  parallel  routes,  the  so-called  intrinsic 
and  extrinsic  pathways,  which  finally  result  in  activated  Stuart  factor  (Fac- 
tor X),  and  finally  thrombin.  The  final  stages  of  clotting,  the  conversion  of 
of  fibrinogen  to  the  fibrin  clot,  and  its  stabilization  with  Factor  XIII  are 
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Schema  of  Biochemical  Pathways  in  Formation  of  Fibrin  Thrombus 


The  upper  part  of  the  schema  illustrates  the  two  separate  tracks  along  which 
clotting  can  be  initiated,  the  intrinsic  pathway  (left  side)  and  the  extrinsic 
pathway  (right  side) . 

The  intrinsic  pathway  has  two  action  centers  (circles)  in  the  blood.  The 
first  (top,  left)  is  the  activation  center,  in  which  two  trace  plasma  protein 
procoagulants,  Factors  XII  and  XI,  interact  with  a thrombogenic  surface. 
Activation  product  (AP)  is  formed.  It  triggers  the  anti-hemophilia  center 
(circle)  in  which  the  two  antihemophilia  factors  of  plasma,  VIII  and  IX,  with 
calcium  and  phospholipid  micelles  from  blood  platelets,  form  a conversion 
product  (CP)  for  the  next  step. 
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Legend  for  Figure  1,  continued 

The  extrinsic  pathway  has  a single  action  center  (top  circle,  right)  in 
which  lipoprotein  derived  from  damaged  tissue  (i.e.,  extrinsic  to  the  blood) 
reacts  with  calcium  and  a trace  plasma  protein,  Factor  VII,  to  form  a second 
conversion  product  (CP)  that  can  also  activate  the  next  step. 

The  common  pathway  (center  circle),  triggered  by  the  conversion  product 
of  either  the  intrinsic  or  extrinsic  pathway,  results  in  the  interaction  of 
two  plasma  protein  procoagulants,  Factors  V and  X,  calcium  and  phospholipid 
micelles  to  yield  active  Factor  X,  the  key  enzyme  for  conversion  of  pro- 
thrombin to  thrombin. 

Thrombin  brings  about  the  transformation  of  soluble  fibrinogen  to  the  in- 
soluble fibrin  of  the  thrombus.  Still  another  plasma  protein,  Factor  XIII, 
is  required  for  cross-linking  the  fibrin  strands  to  form  the  stable  thrombus. 
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best  understood  in  molecular  terms.  There  is  a system  of  inhibitors  in  the 
plasma  which  causes  inactivation  of  the  procoagulant  enzymes  and  helps  to 
provide  a physiological  control  mechanism  for  maintaining  the  fluidity  of 
the  blood.  This  homeostasis  may  be  disturbed  in  many  ways.  For  example, 
there  are  families  with  thrombophilia  in  which  one  of  the  inhibitors,  anti- 
thrombin  III,  is  deficient.  The  affected  members  are  prone  to  have  recur- 
rent thrombo-embolic  episodes  with  premature  deaths  from  this  cause. 

Platelet  aggregation  and  adhesion  appear  to  be  even  more  important  than 
fibrin  clotting  in  the  initiation  of  thrombosis.  In  cardiac  and  arterial 
thrombi,  platelets  may  contribute  significantly  to  the  growth  and  total  mass 
of  the  thrombus.  Platelet  aggregation  or  cellular  clotting  appears  to  be 
inextricably  tied  up  with  fibrin  clotting,  both  biochemically  and  by  fur- 
nishing surfaces  and  structures  to  which  the  fibrin  fibrils  are  attached. 

The  platelet  is  being  studied  intensively  as  a cell.  Much  the  same  as  with 
other  cells,  there  are  problems  relating  to  cellular  respiration,  energy 
metabolism,  cell  membranes,  and  contractility,  as  well  as  intercellular  organ- 
ization by  adherence  to  other  platelets,  other  cells,  and  various  surfaces. 
Alterations  in  the  cell  membrane  may  be  the  most  important  aspect  of  platelet 
change  in  that  it  may  be  the  attribute  that  permits  platelets  to  be  actively 
incorporated  into  a growing  thrombus.  The  antithrombotic  drugs  which  inhibit 
platelet  aggregation  could  act  by  stabilizing  platelet  membranes . ^ 

Fibrinolysis  is  considered  part  of  the  biological  repair  mechanism  in  that 
excess  fibrin  can  be  removed  enzymatically.  In  fibrinolysis,  as  in  the 
clotting  sequence,  there  is  an  interplay  of  tissue  components  and  trace  pro- 
teins of  the  plasma.  If  fibrinolysis  operates  directly  to  remove  fibrin, 


30 


new  growth  of  tissue  through  organization  of  the  thrombus  is  obviated.  On 
the  other  hand,  failure  of  the  fibrinolytic  system  could  accelerate  the 
progress  of  arteriosclerosis.  Dissemination  of  digestion  products  of  fibrin 
are  potential  markers  for  the  existence  of  a thrombus. 

In  addition  to  these  three  basic  biologic  systems,  there  are  two  other  major 
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facets  of  the  thrombotic  process:  1)  Injury  to  the  vascular  wall;  and 
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2)  alteration  in  blood  flow.  Injury  to  the  vessel  wall,  particularly  to  the 
endothelial  lining,  may  be  the  event  which  triggers  the  thrombotic  process. 

An  important  property  of  normal  endothelium  is  that  it  is  nonthrombogenic 
and  allows  the  blood  to  remain  fluid,  regardless  of  the  flow  rate  of  the 
blood.  As  opposed  to  the  nonthrombogenic  character  of  the  endothelium,  the 
deeper  structures  of  the  vessel  wall  are  thrombogenic . This  is  particularly 
the  case  with  the  basement  membrane  and  the  collagenous  and  possibly  other 
tissue  components,  both  normal  and  abnormal.  Endothelial  damage  may  cause 
exposure  of  the  collagen  in  a fibrous  plaque  or  deposited  lipids  to  the  blood 
interface  resulting  in  thrombosis. 

Altered  circulatory  dynamics  appear  to  contribute  to  thrombosis  only  after 
there  has  been  some  alteration  in  the  clotting  system  of  the  blood  or  a 
change  in  the  contours  of  the  vascular  wall.  The  thrombosis-promoting  charac- 
ter of  stasis  has  been  recognized  for  over  a century,  since  the  time  of 
Virchow.  It  would  appear  that  altered  rheology  abets  the  thrombotic  process 
mainly  in  two  ways:  by  amplifying  the  enzymatic  and  cellular  reactions 

important  in  thrombogenesis,  and  by  producing  further  injury  to  the  vessel 
wall.  In  regard  to  amplification,  stasis  appears  to  act  in  part  by  preventing 
dilution  of  thrombin  and  other  procoagulant  enzymes  that  contribute  to  cellular 
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and  fibrin  clotting.  The  increase  in  viscosity  that  occurs  as  flow  rate 
decreases  may  partially  counterbalance  this  effect  if  it  reduces  molecular 
and  cellular  collisions  in  the  blood.  Turbulence  and  the  related  loss  of 
laminar  flow  could  likewise  result  in  amplification  of  some  reactions;  this 
is  perhaps  analogous  to  accelerating  a chemical  reaction  in  a test  tube  by 
stirring  vigorously  with  a glass  rod.  Cellular  injury  to  the  vessel  wall 
may  be  extended  by  rheologic  alterations  associated  with  thrombi.  Hyperten- 
sion may  contribute  to  endothelial  damage,  particularly  in  the  thin  part 
of  the  cells  at  their  junctions.  Narrowing  of  a vessel  by  an  atherosclerotic 
plaque  or  a thrombus  may  result  in  shear  forces  and  stagnation  points  which 
may  further  injure  the  vessel  wall.  Extension  of  the  cellular  injury,  in 
effect,  may  create  a vicious  cycle,  providing  new  foci  for  thrombus  formation 
on  the  adjacent  vascular  surfaces,  and  still  further  alterations  in  blood 
flow. 

Thrombosis  and  the  Genesis  of  Atherosclerotic  Lesions.  Thrombi  have  been 
considered  to  play  a role  in  each  stage  of  the  development  of  atherosclerotic 
lesions . 

Data  relating  thrombosis  to  the  fatty  streak  are  fragmentary.  It  has  been 

suggested  that  platelet  microthrombi  on  the  vessel  wall  may  contribute  in 

two  ways:  1)  Platelets,  when  activated,  release  many  cellular  components 
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and  enzymes  which  may  directly  injure  the  vessel  wall.  The  resultant 
altered  permeability  characteristics  of  the  endothelium  could  be  the  primary 
event  in  the  genesis  of  the  fatty  streak.  2)  Platelets  are  rich  in  lipids. 
When  platelet  aggregates  are  incorporated  into  the  subendothelial  layer, 
they  are  phagocytosed  to  yield  foam  cells.  In  addition,  fibrin  has  been 
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demonstrated  in  fatty  streaks  both  by  labelled  antifibrin  antibodies  and  by 
electron  microscopy,  but  it  is  ordinarily  inconspicuous. 

One  of  the  major  theories  of  the  development  and  growth  of  the  fibrous 
plaque  is  the  encrustation  hypothesis.^  The  fibrous  plaque  often  has  a 
mosaic  pattern,  suggesting  successive  crops  of  thrombi  which  have  become 
organized.'*''*'  There  is  no  doubt  that  the  thrombotic  complication  of  athero- 
sclerosis is  one  of  the  most  important  pathologic  events,  often  catastrophic, 
in  the  natural  history  of  the  disease. 

Identification  of  the  thrombosis-prone  individual.  Many  studies  have  shown 
that  coagulation  and  fibrinolytic  factors  are  altered  in  patients  with 
peripheral  atherosclerosis,  ischemic  heart  disease,  and  stroke.  Elevations 
of  plasma  fibrinogen  and  the  plasma  procoagulants,  Factors  V,  VII,  VIII,  IX, 
and  X,^*'*'^  ^ have  been  reported.  Likewise,  shortening  of  several  standard 
clotting  time  tests,  including  the  prothrombin  time  and  the  partial  thrombo- 
plastin time,  have  been  found  in  such  patients. 

Reduction  in  inhibitors  of  coagulation,  particularly  antithrombin  III, 
has  been  observed.  Thrombocytosis  has  been  mentioned.  Increased  platelet 
stickiness  has  likewise  been  reported,  but  methodology  is  not  yet  well 
standardized  in  this  field.  Reduction  in  fibrinolytic  activity,  including 
elevation  in  antiplasmin  and  anti-urokinase  inhibitor  titers,  has  been 
found  in  patients  who  have  had  myocardial  infarction  when  compared  to  healthy 
age-matched  controls.  These  data  strongly  suggest  that  tests  on  the  blood 
can  be  developed  that  would  be  related  to  thrombosis,  either  impending  or 
incipient,  and  indicate  the  need  for  further  developmental  and  epidemiological 
studies . 
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Hypercoagulable  states  and  risk  factors  for  thrombosis.  It  is  important  to 

recognize  that  the  term  hypercoagulability  is  used  in  two  separate  senses, 

both  related  to  a change  in  the  circulating  blood  which  is  indicative  of 

14 

altered  coagulation.  One  use  of  the  term  is  for  an  antecedent  condition 
which  enhances  the  thrombotic  potential.  In  this  state  the  total  clotting 
apparatus  has  been  modified,  as  by  increased  levels  of  procoagulants  or 
diminished  inhibitors  of  coagulation.  Once  the  mechanism  is  triggered  there 
may  be  accelerated  clotting,  with  thrombosis  occurring  at  sites  of  arterio- 
sclerotic lesions,  as  well  as  in  the  veins,  along  with  systemic  changes  in 
the  blood.  Elevations  in  the  levels  of  normal  constituents  of  the  blood, 
e.g.  antihemophilic  factors,  would  be  an  indicator  of  this  state. 

The  other  use  of  the  term  hypercoagulability  is  for  the  altered  state  of  the 
circulating  blood  coexisting  with  diffuse  intravascular  clotting  or  with 
local  thrombotic  events.  In  diffuse  intravascular  clotting,  hypercoagulability 
is  a transitory  state,  frequently  leading  to  hypocoagulability . ^ pn  the 
case  of  coexisting  thrombi,  coagulants  or  products  of  coagulation  would 
leak  from  the  thrombus,  and  would  be  detectable  in  the  circulating  blood. 
Alterations  in  the  levels  of  normal  constituents  of  the  blood  combined  with 
the  presence  of  activated  or  altered  products  of  coagulation  or  fibrinolysis, 
including  pathologic  changes  in  the  formed  elements  such  as  helmet-shaped 
red  cells,  would  be  indicators  of  this  type  of  hypercoagulable  state. 

It  may  well  be  that  systemic  changes  in  the  blood  precede  thrombotic  compli- 
cations of  atherosclerosis.  However,  the  triggering  mechanism  is  not  known. 
Furthermore,  it  is  not  known  whether  risk  factors  of  atherosclerosis  result 
in  a hypercoagulable  state.  The  possible  relationship  of  cigarette  smoking 
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to  increased  platelet  adhesiveness  has  been  cited  in  this  connection. 

Hormones,  both  epinephrine  and  the  estrogens,  may  cause  a rise  in  the  plasma 
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level  of  antihemophilic  factor.  ’ 

Many  other  ways  in  which  known  risk  factors  might  operate  to  cause  thrombosis 
have  been  described.  The  thrombogenic  effect  of  certain  complex  lipids 
is  an  example. 

Prevention  and  therapy  of  thrombotic  complications  of  atherosclerosis.  The 
thrombo-atherosclerosis  field  offers  many  opportunities  for  controlled  manip- 
ulations of  basic  pathophysiologic  mechanisms  and  hence  for  specific  therapy 
and  prevention  of  the  thrombotic  complications  of  this  disease. 

In  some  cases  the  manipulations  are  relatively  imprecise,  as  with  the  use 
of  indirect  anticoagulants  such  as  warfarin.  In  other  cases  remarkably 
precise  bioengineering  is  possible,  as  would  be  the  case  with  the  adminis- 
tration of  plasma  concentrates  of  antithrombin  III  in  patients  with  a de- 
ficiency of  this  factor. 

Many  actual  and  proposed  procedures  for  the  management  of  thrombotic  dis- 
orders are  indicated  in  Table  I.  Listed  are  modifications  of  biologic 
mechanisms  which,  if  brought  about,  could  correct  at  least  partially  the 
basis  for  thrombotic  disorders.  The  agents  represent:  1)  Old  and  well 

tried  products,  such  as  warfarin  and  heparin;  2)  relatively  new  products 
in  the  clinical  testing  phase,  such  as  coagulating  snake  venoms  and  urokinase; 
and  3)  new  products  incompletely  developed  or  in  the  preliminary  testing 
phase,  such  as  platelet  anti-aggregating  drugs.  By  vigorous  development 
along  pathophysiologic  lines  it  can  be  anticipated  that  continuing  advances 
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TABLE  I 


CONTROL  OF  THROMBOTIC  DISORDERS 
BY  MODIFYING  UNDERLYING  PATHOPHYSIOLOGIC  MECHANISMS 


MODIFICATION 

AGENT 

COAGULATION  MECHANISMS 


1.  Reduce  fibrinogen 

Coagulating  snake  venoms 
Staphylocoagulase 

2.  Reduce  fibrinogen  function 

Fibrinogen  split  products 
Cellular  cationic  proteins 

3.  Prevent  thrombinemia 

Thrombin-blockers 

a)  Hirudin-like  compounds 

b)  Enzyme  inhibitors 

4.  Metabolically  block  procoagulant 
syn thesis 

Warfarin,  dicumarol,  etc. 

5.  Directly  block  procoagulant  action 

Heparin 
Hepar inoids 
Enzyme  inhibitors 
Cellular  cationic  proteins 

6.  Increase  natural  clotting  inhibitors 

Plasma  concentrates:  Anti- 

thrombin III 

7.  Prevent  clot  stabilization 

Enzyme  inhibitors  (anti- 
Factor  XIII) 

PLATELET  MECHANISMS 


1.  Inhibit  platelet  function 
a.  Extrinsic  to  platelet 

(1)  Reduce  fibrinogen  cofactor 

Coagulating  snake  venoms 

(2)  Reduce  thrombin  function 

Fibrinogen  split  products 
Enzyme  inhibitors 

(3)  Reduce  surface  function 

Dextrans 

b.  Intrinsic  to  platelet 

(1)  Alter  membrane  reactivity  and 
release  reactions 

Drugs,  such  as  aspirin, 
pyrazoles,  local  anesthetics, 
antihistamines,  anti-epine- 
phrine drugs,  prostaglandins, 
theophylline 
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Table  1,  continued 

2.  Reduce  number  of  circulating  platelets 

FIBRINOLYTIC  MECHANISMS 


1.  Increase  fibrinolysis 
(thrombolysis) 


Streptokinase 

Urokinase 

Drugs,  such  as  phenformin 
Direct  enzymatic  agents 


2.  Reduce  inhibitors  of  plasmin 

SURFACE  FACTORS:  FLUID  MECHANICS 

1.  Restore  vascular  non-thrombogenicity  Dextran 

2.  Use  hypo-thrombogenic  prostheses  Heparin-coating 

Appropriate  polymers 

3.  Improve  blood  flow  Dextrans 

Exercise  (?) 

Drugs  (?) 

Others 
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will  be  made,  with  better  and  more  specific  management  of  the  thrombotic 
disorders  in  the  immediate  years  ahead. 

Unresolved  Problems 

In  spite  of  the  tremendous  advances  that  have  been  made  in  the  field  of 
blood  coagulation  and  fibrinolysis,  the  application  of  these  findings  to 
thrombosis  and  arteriosclerosis  are  at  an  embryonic  stage.  This  appears  to 
be  due  to  gaps  in  knowledge  in  regard  to  physiologic  mechanisms  and  to  lack 
of  definitive  knowledge  in  the  pathogenesis  and  histogenesis  of  atherosclerotic 
lesions  and  their  thrombotic  complications.  Until  this  basic  knowledge  is 
further  advanced,  applications  of  this  body  of  information  to  the  health 
problems  created  by  arteriosclerosis  will  need  to  be  empirical. 

In  regard  to  the  role  of  coagulation  mechanisms  in  the  pathogenesis  of  the 
fatty  streak  and  its  conversion  to  the  fibrous  plaque,  the  lack  of  suitable 
animal  models  is  a significant  handicap.  The  extent  to  which  the  thrombotic 
process  may  be  a mechanistic  pathway  by  which  different  risk  factors  may 
express  themselves  is  completely  unresolved,  and  needs  to  be  established. 

In  regard  to  the  early  diagnosis  of  thrombotic  complications  of  athero- 
sclerosis, the  value  of  newer  laboratory,  radiologic,  and  other  noninvasive 
techniques  has  not  been  adequately  explored.  New  and  novel  procedures  need 
to  be  sought. 

The  role  of  anticoagulant  therapy  in  coronary  artery  disease  is  not  yet 
fully  resolved.  The  place  of  newer  drugs  such  as  platelet  anti-aggregating 
and  thrombolytic  agents  in  the  therapy  of  complications  of  atherosclerosis 
needs  definition. 
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With  the  potential  involvement  of  the  thrombotic  process  at  all  stages  of 
the  natural  history  of  the  atherosclerotic  diseases,  and  the  multiple  points 
at  which  the  coagulation  process  can  be  entered  to  inhibit  its  action, 
intensive  basic  research  in  the  thrombotic  process  and  its  underlying  physio- 
logic mechanisms  could  yield  keys  to  effective  prevention. 

While  much  basic  information  is  still  lacking,  particularly  in  the  platelet 
field,  it  is  believed  that  a planned  approach  to  some  segments  of  the 
thrombotic  process  would  now  be  more  profitable  than  in  the  past.  Both 
programmed  research  in  applied  and  developmental  problems  and  individual  and 
group  research  to  acquire  basic  information  will  be  needed  to  advance  the 
field  fully  in  the  near  future. 

Re.coniivendcuU.on6 

7.  The  Ta6k  F on.ce  recommends  that  there  be  no  diminution  In  f uncls  f on.  the 
support  of  Investigator  Initiated  baste  research  In  thrombosis . Attention 
should  be  given  to  special?-  cireas  of  basic  research  that  Mould  appean.  to 
provide  a sounder  base  of  knowledge  for  applications  In  prevention  and 
therapy.  The  following  Is  a partial  List  of  subject  areas  developed  by  the 
Thrombosis  Panel  ( See  Appendix  B)  of  the  Task  Force  as  needing  urgent 
attention : vascular  endothelium  and  supporting  basement  membrane;  mechano- 

chemlstry  and  surface  chemistry  as  related  to  the  clotting  process ; fibrin 
coagulation  mechanisms  Including  biochemistry  of  procoagulants  and  Inhibit- 
ors, biosynthesis  of  pro  coagulants , role  of  hormones  In  clotting,  coagulation 
Immunology  and  Immunoassays , and  syndrome  of  disuse  Intravascular  coagul- 
ation; platelets,  Including  cell  biology  and  nature  o f platelet  aggregation 
and  adhesion;  fibrinolysis;  and  animal  models  for  thrombo- atherosclerosis . 
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2.  Clinical  laboratory  procedures  need  to  be  developed  for  the  detection 
of  hypercoagulability  and  thrombotic  tendency.  These  procedure*  mold  be 
used  to  establish  " coagulation  and  f ibrinolytic  profile'. s"  In  patient* 

for  the  purpose  of  identifying  thrombosis -prone  individual*  and  tho*e  with 
occult  thrombosis . If  the  results  are  to  be  applied  for  *creening  popu- 
lation*, relatively  inexpensive  automated  procedures  amenable  to  computer- 
ization Mill  be  required.  Suggested  area*  of  *tudy  are:  Development  of 

an  automated  battery  of  tests  with  appropriate  quality  control  which  include 
common  procedures  *uch  as  the  partial  thromboplastin  time,  a*  well  as  pro- 
cedures for  antithrombin  III  as*ay*,  and  tests  for  fibrin  degradation  products 
in  plasma  or  serum;  new  methodology  for  determining  platelet  adhesion  and 
aggregation,  and  related  platelet  functions;  and  evaluation  of  morphologic 
alterations  in  platelets,  leucocytes , and  erythrocytes  as  indicators  of 
thrombosis . 

3.  Further  clinical  trials  of  anticoagulant  drug*  are  recommended.  The 
direct  anticoagulant,  heparin,  and  the  indirect  anticoagulants , warfarin 
and  related  compounds,  acting  a*  anti-vitamin  K,  have  been  studied  most 
extensively.  Debate  continues  as  to  the  long-term  value  of  these  agents  in 
arteriosclerosis . Of  the  newer  agents,  coagulating  enzymes  derived  from 
snake  venom  appear  most  promising.  It  is  recommended  that  attention  be 
given  to  clinical  trials  of  these  newer  venom  derivatives  both  alone  and 
in  conjunction  with  the  older  anticoagulants . 

4.  Clinical  trials  are  needed  to  determine  the  preventive  and  therapeutic 
value  of  platelet  anti- aggregating  drugs.  Only  a limited  number  of  drugs 
are  available  as  possible  candidates  for  clinical  trials;  one  of  these  is 
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aspirin.  Limited  clinical  trials  have,  been  conducted,  bat  mono.  definitive 
data  are  needed.  Consideration  oft  the.  feasibility  o f clinical  trial*  of 
aspirin  in  the.  secondary  prevention  of  myocardial  infarction  and  in  patient s 
with  transient  ischemic  attack*  [T I A)  Is  indicated.  As  newer  platelet  anti- 
aggregating agent*  are  developed  and  toxicologic  studies  are  completed, 
clinical  trial*  of  tke*e  agent*  * ho  aid  be  conducted.  Certain  lower  molec- 
ular weight  dextran*  appear  to  coot  platelet*  a*  well  a*  the  endothelium, 
and  *how  promi*e  in  preventing  platelet  thrombu*  formation.  A clinical 
trial  of  dextran  in  TLA  or  other  clinical  condition*  a**ociated  with 
arterial  thrombosis  *hould  be  considered. 


5.  Additional  clinical  trial*  of  thrombolytic  drug*  are  recommended.  The 
agent*  *treptokina*e  and  urokinase  are  well  established,  and  successful 
clinical  trial*  in  certain  thrombotic  state*  have  indicated  their  usefulness . 
However,  additional  studies  need  to  be  done  to  determine  their  role  in 
resolving  thrombotic  complications  of  atherosclerosis  such  a*  coronary 
thrombosis , both  alone  and  in  combination  with  anticoagulant  and  platelet 
anti- aggregating  drugs . 
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III.  RISK  FACTORS 


Epidemiological  studies  have  demonstrated  associations  between  the  develop- 
ment of  the  clinical  manifestations  of  arteriosclerosis  and  certain  biochem- 
ical, physiological,  and  environmental  factors.  By  definition  the  presence 
of  one  or  more  of  these  factors  in  an  individual  will  increase  the  risk  of 
arteriosclerosis  and  its  complications.  To  a considerable  degree,  these 
associations  have  been  determined  from  the  study  carried  out  in  Framingham, 
Massachusetts  by  the  National  Heart  and  Lung  Institute.  In  this  study  about 
5,000  men  and  women,  constituting  a reasonably  representative  sample  of  the 
adult  population  of  the  town,  have  been  followed  biennially  since  1949  for 
the  development  of  initial  attacks  of  coronary  heart  disease  (angina  pec- 
toris, myocardial  infarction,  "coronary  insufficiency,"  and  sudden  death*). 

From  this  and  other  studies  the  following  factors  have  been  identified  with 
risk  from  coronary  heart  disease: 

1.  Age 

2.  Male  sex 

3.  Elevated  serum  lipids 

4.  Hypertension 

5.  Cigarette  smoking 

6.  Impaired  glucose  tolerance  (diabetes  mellitus) 

7.  Obesity 


* Sudden  unexpected  death  occurring  within  less  than  one  hour  of  onset 
of  symptoms  in  persons  not  suffering  from  potentially  lethal  diseases 
and  with  medical  history  suggesting  no  other  causes. 
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8.  Physical  inactivity 

9.  Personality  and  behavior 

10.  Family  history  (genetics) 

11.  Gout 

12.  Hardness  of  drinking  water 

It  is  possible  on  the  basis  of  these  risk  factors  to  identify  persons 
especially  susceptible  to  the  development  of  the  clinical  complications  of 
atherosclerosis  and  to  develop  programs  of  primary  prevention  especially  for 
children  and  young  adults.  Such  preventive  measures  offer  great  promise  of 
reducing  the  high  mortality  from  complications  of  atherosclerosis.  They 
may  also  be  of  value  in  reducing  the  threat  of  recurrent  clinical  episodes , 
i.e.,  secondary  prevention,  or  postponing  their  onset. 

The  strongest  associations  are  with  elevated  serum  lipids,  hypertension,  and 
cigarette  smoking  and  these  will  be  discussed  in  detail  in  subsequent 
sections  as  well  as  certain  of  the  other  risk  factors  that  are  important 
or  of  special  interest.  Certain  of  these  factors  are  weakly  related  to 
risk,  and  their  significance  is  by  no  means  certain.  It  should  be  noted 
that  an  appreciable  number  of  patients  with  arteriosclerosis  do  not  exhibit 
any  of  these  risk  factors  suggesting  that  there  are,  as  yet,  undiscovered 
factors  involved  in  atherogenesis . 

Age  and  Sex.  The  incidence  of  arteriosclerosis  increases  with  age,  as  shown 
in  the  section  on  Magnitude  of  the  Problem  (Appendix  C).  The  death  rate 
in  white  males  is  about  10  per  100,000  at  age  25-34  whereas  at  age  55-64 
it  is  nearly  1,000  per  100,000.  Age  may  be  an  expression  of  the  time 
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required  for  the  development  of  lesions.  It  may  also  reflect  the  duration 
of  exposure  to  other  risk  factors. 

Male  sex  is  an  important  risk  factor.  At  ages  35-44  the  death  rate  from 
coronary  heart  disease  in  white  males  is  6.1  times  that  of  females.  At  age 
65-74  the  rates  are  2.2  times  higher  in  males.  In  non-whites  the  sex  differ- 
ence is  less  marked.  The  reasons  for  the  observed  sex  difference  in  risk  are 

1 

not  understood.  In  1952  it  was  shown  that  administration  of  estrogens  to 

males  who  had  survived  myocardial  infarction  resulted  in  a decrease  in 

B-lipoproteins  and  a rise  in  a-lipoproteins . Therefore  it  appeared  likely 

that  the  relatively  low  incidence  of  coronary  disease  in  younger  females 

might  be  related  to  the  level  of  female  sex  hormones.  However,  in  subsequent 
2 

studies  administration  of  estrogens  to  women  was  found  to  increase  rather 

than  decrease  the  concentrations  of  very  low  density  lipoproteins  (VLDL)  . 

Since  it  is  probable  that  these  lipoproteins  are  also  atherogenic,  it  would 

seem  unlikely  that  the  effect  of  estrogens  on  serum  lipoproteins  explains  the 

sex  difference  in  incidence.  Furthermore,  it  is  not  clearly  evident  that  the 

incidence  of  arteriosclerosis  in  females  rises  coincident  with  the  menopause 

3 

as  has  frequently  been  stated. 

Gout.  Subjects  in  the  Framingham  Study  with  elevated  levels  of  uric  acid 
had  an  increased  incidence  of  coronary  heart  disease.  This  was  apparent  in 
patients  with  uric  acid  levels  of  6.9  mg.  per  100  ml.  and  above.  The 
reasons  for  this  association  are  not  known.  It  is  of  interest  that  there 
are  numerous  case  reports  showing  associations  between  levels  of  serum 
cholesterol  and  uric  acid. 
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Hardness  of  Drinking  Water.  In  1960  Schroeder  reported  that  there  was  a 

negative  correlation  between  water  hardness  and  cardiovascular  mortality 

(the  softer  the  water,  the  higher  the  mortality.)  In  England  and  Wales"*, 

similar  results  were  found.  Subsequent  studies  have  tended  to  exclude  water 

hardness  per  se,  as  well  as  calcium  and  magnesium  as  being  involved  on 

other  than  a chance  basis.  The  possibility  of  there  being  other  water 

6 

factors  remains.  Schroeder  has  suggested  that  cadmium  found  in  galvanized 
iron  pipes  may  be  dissolved  by  soft,  acidic  surface  water.  However,  there 
is  still  considerable  uncertainty  as  to  the  validity  of  these  correlations 
and  much  additional  work  remains  to  be  done  on  this  subject. 
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A.  LIPIDS  AND  LIPOPROTEINS 


1.  Relationship  Between  Arteriosclerosis  and  Lipids  and  Lipoproteins 
Current  State  of  Knowledge 

The  relationship  between  arteriosclerosis  and  lipid  metabolism  derives  from 
the  following  information:  1)  the  lipid  content  of  the  atherosclerotic 
lesion;  2)  the  production  of  atherosclerotic  lesions  in  animals  by  measures 
that  increase  levels  of  serum  lipids  3)  serum  lipid  levels  in  patients  who 
have  clinical  evidence  of  arteriosclerosis  ; 4)  the  occurrence  of  arterio- 
sclerosis in  patients  with  hyperlipoproteinemia  ; 5)  prospective  studies 
relating  the  occurrence  of  arteriosclerosis  to  serum  lipid  levels;  and 
6)  epidemiologic  studies  carried  out  in  populations  with  differing  levels 
of  serum  lipids. 

Serum  cholesterol  concentrations  above  200  mg/100  ml  are  rarely  found  in 
humans  or  in  animals  except  for  man  in  affluent  society.  Even  in  those 
animal  species  in  which  serum  cholesterol  is  relatively  high,  the  choles- 
terol is  present  mostly  in  the  a-lipoproteins  which  are  not  atherogenic. 

In  the  United  States,  on  the  other  hand,  the  average  serum  cholesterol 
concentration  for  men  aged  50-59  is  240  mg/100  ml  and  most  of  the 
cholesterol  is  present  in  beta  and  prebeta  lipoproteins  which  have  been 
shown  to  be  associated  with  atherogenesis . These  lipoproteins  are  also 
found  in  very  high  concentrations  in  patients  with  severe  premature 
arteriosclerosis  and  in  animals  fed  atherogenic  diets. 

Studies  in  Animals.  In  1913  Anitschkow'*’  demonstrated  that  arterial  lesions 
containing  lipid  could  be  produced  in  rabbits  by  feeding  diets  high  in 
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cholesterol.  The  cholesterol  in  the  arterial  lesions,  as  in  blood  serum,  is 

present  both  in  the  free  and  the  esterified  forms.  In  addition  to 

cholesterol,  excessive  phospholipid  is  also  found  in  the  fatty  streak  and 
2 3 

atheroma.  ’ Although  the  cholesterol  in  atheromatous  lesions  appears  to  be 

entirely  derived  from  the  circulating  cholesterol,  experiments  in  animals 

and  in  man  indicate  that  the  phospholipids  are  synthesized  largely  in  the 
3 

arterial  wall.  Since  Anitschkow,  similar  experiments  have  been  performed 

4 

in  many  species.  In  the  chicken, like  the  rabbit,  arterial  lesions  occur 
after  cholesterol  feeding  whereas  in  other  species,  like  the  dog  and  the 
rat,  it  is  necessary  to  suppress  thyroid  function  to  generate  the  lesions. 
Recently  Wissler  et  al.  fed  diets  resembling  usual  American  diets  to  Rhesus 
monkeys  and  found  lesions  similar  to  those  seen  in  humans.  There  was  a 
close  correlation  between  serum  cholesterol  levels  and  the  severity  of 
the  lesions.  In  another  study  it  was  demonstrated  that  in  Rhesus  monkeys 
fed  diets  containing  cholesterol,  serum  cholesterol  increases  and  arterial 
lesions  appear.^  When  the  monkeys  were  returned  to  diets  low  in  cholesterol, 
serum  cholesterol  decreased  and  the  lesions  decreased  in  size. 

Studies  in  Man.  Since  the  early  1940’s,  numerous  studies  have  shown  that  in 
groups  of  patients  who  have  coronary  heart  disease  the  mean  serum  cholesterol 
is  elevated  although  many  of  the  individual  patients  have  values  well  within 
the  normal  range.  These  differences  are  especially  marked  in  younger 

6 

individuals  with  coronary  heart  disease.  Subsequently,  it  was  demonstrated 
that  serum  triglyceride  concentrations  are  also  higher  in  patients  with 
coronary  heart  disease. 
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It  is  now  recognized  that  virtually  all  of  the  lipids  in  plasma  are  trans- 
ported as  constituents  of  lipoproteins.  Four  classes  of  lipoproteins  are 
present  in  plasma:  the  chylomicrons,  the  very  low  density  lipoproteins 

(VLDL)  with  pre-6-mobility  by  electrophoresis,  the  low  density  lipoproteins 
(LDL)  with  B-mobility,  and  high  density  lipoproteins  (HDL)  with  a-mobility. 
Recently  Fredrickson  et  al.  have  attempted  to  classify  the  various  types 

of  hyperlipidemia  in  terms  of  lipoprotein  patterns.  This  classification  (as 
8 

recently  modified)  is  described  in  Table  1 . Patients  with  type  II  lipopro- 
tein pattern  with  elevated  levels  of  LDL  have  a high  incidence  of  coronary 
heart  disease.  In  certain  patients  in  whom  both  parents  have  elevated 
levels  of  LDL,  the  so-called  homozygous  type  II,  the  levels  of  LDL  are 
extremely  high  and  myocardial  infarction  occurs  even  in  young  children. 
Individuals  with  elevated  levels  of  VLDL  also  appear  to  have  an  increased 

incidence  of  coronary  heart  disease,  although  this  has  not  yet  been  adequately 
9 

studied. 

The  levels  of  the  various  lipoproteins  in  the  serum  are  determined  by  the 
dynamic  equilibrium  between  formation  and  degradation.  Control  of  the 
system  may,  in  principle,  derive  from  the  biosynthetic  or  from  the 
degradative  side.  Recent  studies  with  the  very  low  density  lipoproteins 
have  shown  that  synthesis  in  the  liver  is  a stepwise  process  consisting  of 
synthesis  of  the  protein  portion  of  the  lipoprotein^,  which  probably 
occurs  in  the  rough  endoplasmic  reticulum,  the  combination  of  protein 
with  lipid  and  the  accumulation  of  lipoproteins  which  occurs  in  the  Golgi 
apparatus.^  Regulation  of  the  rate  of  lipoprotein  formation  can  occur  at 
the  level  of  synthesis  of  the  specific  protein  or  lipid  or  at  a later  stage, 
such  as  release  of  the  lipoprotein  into  the  plasma.  Recently,  a number 
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TABLE  1 


HYPERLIPOPROTEINEMIA 


TYPE  & ESI. 
PREVALENCE 

CHOLESTEROL 

LEVEL 

TRIGLYCERIDE 

LEVEL 

CORONARY 
DISEASE  RISK 

I 

RARE 

t 

i 

i 

II 

COMMON 

i 

la  NORMAL 

t 

m t 

III 

RARE 

i 

1 

i 

IV 

COMMON 

t 

OR  NORMAL 

1 

i 

V 

FAIRLY 

COMMON 

i 

OR  NORMAL 

1 

t 
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of  workers  have  shown  that  the  protein  portion  of  the  various  lipoproteins 
consists  of  a mixture  of  proteins  some  of  which  are  present  in  different 
lipoprotein  classes.  It  is  apparent  that  the  synthesis  of  any  one  of 
these  may  be  a determinant  for  the  formation  of  entire  classes  of  lipoproteins. 
This  indeed  has  recently  been  demonstrated  in  the  genetic  disease  familial 
abetalipoproteinemia  in  which  one  of  the  constituent  proteins  of  the 
lipoproteins  has  been  found  to  be  absent.  Preliminary  studies  have  identi- 
fied several  instances  in  which  abnormally  high  serum  lipoprotein  concentra- 
tions are  due  to  disturbances  in  the  degradative  pathways.  Little  is  known 
about  the  mechanisms  whereby  the  protein  portion  of  the  lipoprotein  is 
removed  from  the  bloodstream  and  subsequently  metabolized.  Studies  of 
kinetics  of  the  removal  of  lipoproteins  from  the  plasma  and  studies  of  the 

control  of  cholesterol  excretion  and  degradation  by  liver  and  other  organs 

13 

will,  undoubtedly,  lead  to  an  understanding  of  these  processes. 

14 

International  epidemiological  surveys  and  prospective  studies,  such  as 

15  16 

the  Framingham  Study  and  the  study  carried  out  in  Albany,  have  shown 

that  the  incidence  of  coronary  heart  disease  increases  with  the  level 

of  serum  cholesterol.  The  data  from  the  Framingham  Study  show  that 

individuals  in  the  upper  quartile  of  serum  cholesterol  concentrations  have 

a much  higher  risk  of  myocardial  infarction  than  do  individuals  in  the  lower 

quartile.  This  relationship  is  stronger  in  younger  persons  than  in  older 

persons.  It  is  important  to  emphasize  that  there  does  not  appear  to  be 

a critical  level  of  serum  lipids  for  the  development  of  coronary  heart 

disease.  The  risk  appears  to  rise  in  proportion  to  the  antecedent  serum 

cholesterol  concentration  from  the  lowest  to  highest  values  recorded  in 

this  population  sample.  These  data  indicate  that  the  risk  of  coronary 
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heart  disease  depends  upon  the  degree  of  serum  cholesterol  elevation 
(Figure  1)  . 


Unresolved  Problems 

In  many  experimental  animals  subjected  to  atherogenic  diets,  the  accumulation 
of  lipids  in  the  aorta  and  in  the  coronary  arteries  mimic  that  found  in 
the  arterial  fatty  streaks  observed  in  man.  However,  the  progression  of 
fatty  lesions  to  the  more  advanced  fibrotic  plaques  and  to  clinical  mani- 
festations of  disease,  which  is  assumed  to  take  place  in  man,  is  seen  only 

l\ 

rarely  in  the  available  animal  models.  Whether  this  failure  is  the  result 
of  differences  in  the  structure  of  the  arterial  wall  or  in  the  nature  of  the 
lipid-protein  complexes  in  the  bloodstream  is,  as  yet,  not  known. ^ 

The  mechanisms  whereby  the  various  lipid  and  lipoprotein  concentrations  are 
maintained  at  greatly  different  levels  in  the  blood  of  different  individuals 
are  poorly  understood.^  In  the  sequence  of  cholesterol  biosynthesis,  one 
early  control  point  has  been  demonstrated,  but  there  are  indications  that 
controls  in  biosynthesis  at  later  stages  of  synthesis  also  exist.  The 
difficulties  in  studying  the  later  stages  are  related  to  the  insolubility 
of  the  enzyme  systems  involved  in  this  part  of  the  biosynthetic  chain.  This 
problem  is  felt  strongly  in  other  areas  of  biochemistry  as  well,  and  will 
probably  not  be  resolved  until  more  is  known  about  the  activities  of 
membrane-bound  enzymes  and  the  structure  of  membranes  themselves. 

Beyond  the  synthesis  of  lipids  lies  an  area  of  unknown  mechanisms  related 
to  the  structure  and  biosynthesis  of  proteins  and  the  processes  by  which 
proteins  and  lipids  are  linked  to  form  the  lipoproteins  involved  in 
atherogenesis . Major  contributions  to  this  area  are  likely  to  come  from 
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FIGURE  1 


SERUM  CHOLESTEROL  LEVEL  AT  ENTRY  AND  AGE-ADJUSTED  RATES’"  OF  FIRST 
MAJOR  CORONARY  EVENT  FOR  WHITE  MALES  AGE  30-59  AT  ENTRY 
NATIONAL  COOPERATIVE  POOLING  PROJECT 
Rate 

Per  1,000 
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intensive  studies  in  the  chemistry  of  proteins,  control  of  enzymes,  membrane 
structure  and  function,  genetics,  and  immunology.  The  existence  of  heredit- 
able  abnormalities  of  lipoprotein  metabolism  in  man  offers  great  opportunities 
for  the  study  of  genetically  controlled  mechanisms  in  humans. 

The  presence  of  lipids  in  biological  membranes  has  been  known  for  some 
time,  but  until  recently  techniques  were  not  available  to  do  much  more  than 
accurately  determine  their  presence  and  distribution  pattern.  The  develop- 
ment of  X-ray  crystallography,  nuclear  magnetic  resonance,  and  electron 
microscopy,  as  well  as  the  synthesis  of  model  lipids  have  added  immensely 
to  the  possibilities  of  studying  membrane  structure  and  function.  Preliminary 
results  indicate  that  the  addition  of  cholesterol  to  phospholipid  membranes 
alters  their  structure  as  well  as  their  permeability.  Great  difficulties 
still  exist  in  making  model  membranes  in  which  proteins  occupy  a key  part, 
and  it  is  likely  that  a major  step  forward  in  the  understanding  of 
biological  membranes  will  be  linked  to  the  synthesis,  in  the  laboratory, 
of  membranes  that  exhibit  both  enzymatic  properties  and  selective  permea- 
bilities similar  to  those  that  are  found  in  nature.  The  control  of  the 
process  whereby  lipids  accumulate  in  the  arterial  wall,  and  whereby  the 
structure  of  the  wall  degenerates , may  become  possible  when  the  function 
of  tissue  membranes  is  better  understood. 

Recommendatlo  ns 

l.  McLjoti  neseaAck  e{{oKts  should  be  duieeted  towcuids  development 
animal  models  that  paaollel  the  kypeAlipopaoteinemtc  states  fiound  In  man. 
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2.  E^orts  to  clarify  the.  control  ol  biosynthetic  and  catabolic  reactions 
involved  in  the  regulation  ofi  serum  lipoprotein  concentrations  should  be 
continued. 


3.  Broad  knowledge  about  the  interaction  ofa  lipids,  proteins,  and  other 
constituents  ofi  biological  membrane*  needs  to  be  developed. 
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2.  Therapeutic  Modalities  to  Lower  Serum  Lipids  and  Lipoproteins 


Current  State  of  Knowledge 

There  is  much  evidence  suggesting  that  elevated  levels  of  serum  lipids  and 
lipoproteins  may  cause  atherosclerosis.  Therefore,  a great  deal  of  re- 
search has  been  carried  out  on  therapeutic  regimens  which  lower  these 
levels  by  alterations  of  the  diet,  administration  of  drugs,  and  most  re- 
cently by  surgical  procedures. 

Effect  of  Diet  on  Serum  Lipids  and  Lipoproteins.  It  is  now  well  recognized 

that  the  quality  of  fat  in  the  diet  as  well  as  the  total  quantity  influences 

1 2 

the  concentration  of  serum  lipids  and  lipoproteins.  Groen  and  Kinsell 
were  probably  the  first  to  draw  attention  to  the  lowering  of  serum  choles- 
terol concentrations  in  human  subjects  by  replacements  of  dietary  animal 

fats  by  vegetable  fats.  This  was  demonstrated  conclusively  in  numerous 

3 4 

studies.  Not  all  vegetable  fats  are  capable  of  lowering  serum  cholesterol 

and  marked  differences  exist  between  the  effects  of  different  animal  fats. 

Several  fish  oils,  for  example,  when  tested  in  comparison  to  other  fats, 

were  found  to  have  a cholesterol  lowering  effect.  On  the  basis  of  the 

literature  available  to  date  one  may  conclude  that,  in  isocaloric  amounts, 

polyunsaturated  fatty  acids  tend  to  lower  serum  cholesterol,  monounsaturated 

fatty  acids  have  relatively  little  effect,  and  saturated  fatty  acids  tend  to 

increase  serum  cholesterol.  Within  the  latter  group,  the  fatty  acids  with 

14  (myristic)  and  16  carbons  (palmitic)  appear  to  be  relatively  more 
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effective  in  increasing  serum  cholesterol  than  the  18  carbon  fatty  acids 
(stearic).^ 

A number  of  investigators  have  shown  that  the  cholesterol  content  of  the 
diet  also  affects  the  levels  of  serum  cholesterol/  It  has  been  suggested 
that  levels  of  serum  cholesterol  can  best  be  lowered  by  reducing  the  choles- 
terol in  the  diet  and  increasing  the  proportion  of  polyunsaturated  fat,  or 
decreasing  caloric  intake.  Furthermore,  at  higher  levels  of  cholesterol 
intake,  an  increased  proportion  of  polyunsaturated  fatty  acid  is  needed  to 
reduce  levels  of  serum  cholesterol.  In  formula  diets  prepared  with  poly- 
unsaturated fats  the  addition  of  cholesterol  in  amounts  as  high  as  2 gm  per 

g 

day  does  not  affect  the  level  of  serum  cholesterol. 

As  discussed  earlier,  many  epidemiological  studies  have  shown  a strong 

correlation  between  dietary  fat  and  serum  cholesterol  concentration.  Other 

studies  have,  however,  failed  to  show  a significant  correlation  between 

9 10 

diet  and  serum  cholesterol  concentration.’  These  latter  studies  were 
carried  out  on  population  groups  in  which  dietary  differences  were  relatively 
small  and  it  is  possible  that  the  precision  of  the  dietary  survey  methods 
was  insufficient  to  demonstrate  a correlation  like  that  found  with  popula- 
tions of  widely  differing  food  patterns. 

The  carbohydrate  content  of  the  diet  can  affect  the  level  of  serum  trigly- 
cerides. It  has  been  shown  that  in  healthy  individuals  diets  high  in  carbo- 
hydrate cause  elevations  in  serum  triglyceride  levels?-'*'  Hyperglyceridemia 
induced  by  high  carbohydrate  diets  has  been  called  carbohydrate  induced  or 
endogenous  hyperlipidemia.  It  is  characterized  by  markedly  increased  levels 
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of  pre-g  very  low  density  lipoproteins.  When  such  individuals  are 
placed  on  low  caloric  diets  to  lose  weight,  the  levels  of  VLDL  decrease 
appreciably.  These  levels  also  decrease  when  the  patients  are  placed  on 
isocaloric  low  carbohydrate  diets.  It  has  been  suggested  that  the  nature  of 
the  carbohydrate  may  also  affect  the  level  of  triglycerides  but  additional 
data  are  necessary  to  validate  this  conclusion. 

Small  scale  clinical  trials  concerning  the  effects  of  dietary  fat  on 
morbidity  and  mortality  from  arteriosclerosis  have  been  performed  in  the 
United  States  as  well  as  in  several  other  countries.  Several  of  these 
studies  lacked  adequate  dietary  surveillance,  randomization  of  subjects  or 
control  groups  and  some  were  carried  out  with  patients  who  had  already  suf- 
fered a myocardial  infarction  (secondary  trials) . One  may  argue  that  the 
disease  was  so  far  advanced  that  it  is  not  reasonable  to  expect  an  improve- 
ment in  prognosis.  Even  in  those  dietary  trials  carried  out  with  older  sub- 
jects free  of  clinical  disease,  it  is  known  that  in  most  subjects  arterial 
lesions  have  progressed  to  the  irreversible  stage.  These  and  other  diffi- 
culties of  dietary  trials  have  been  considered  in  detail  by  Dayton  and 
12 

Pearce.  Their  paper  also  summarizes  the  results  of  various  other 
13  18 

trials.  * The  feasibility  of  large-scale  clinical  trials  has  also  been 

explored^ 

Effect  of  Drugs  on  Serum  Lipids  and  Lipoproteins.  For  the  past  20  years 
much  effort  has  been  expended  in  developing  drugs  that  are  effective  in 
lowering  serum  lipoprotein  levels  and  which  are  sufficiently  safe  to  be 
taken  over  long  periods  of  time.  These  drugs  have  included  estrogens  and 
thyroxine  and  their  analogs,  nicotinic  acid , and  in  recent  years  clofibrate 
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and  cholestyramine^  Clofibrate,  the  ethyl  ester  of  chlorophenoxyisobutyric 
acid,  has  been  shown  to  cause  15-25  percent  reductions  in  elevated  serum 
levels  of  very  low  density  lipoproteins.  On  the  other  hand,  clofibrate  is 
only  modestly  effective  in  lowering  the  concentration  of  low  density  lipo- 
proteins in  patients  with  type  II  hyperlipoproteinemia.  Furthermore, 
cholesterol  balance  studies  have  shown  that  administration  of  clofibrate  in 
addition  to  inhibiting  cholesterol  biosynthesis  also  causes  increased  excre- 
tion of  sterol  in  the  stools.  The  magnitude  of  this  effect  appears  to  be 
unrelated  to  changes  in  serum  lipoprotein  levels.  Clofibrate  also  affects 
a number  of  other  biochemical  processes  and  it  is  not  known  how  it  exerts 
its  effect  on  cholesterol  levels.  The  group  of  patients  in  whom  clofibrate 
is  the  preferred  treatment  needs  to  be  more  precisely  defined. 

Cholestyramine,  an  anion-exchange  resin,  when  taken  orally,  binds  bile 
acids  in  the  intestine.  This  leads  to  a reduction  in  serum  cholesterol 

levels  and  is  especially  effective  in  patients  with  type  II  hyperlipo- 

_ . .21 

proteinemia. 

It  must  be  emphasized  that  since  these  forms  of  therapy  are  used  in  asymp- 
tomatic individuals  over  many  years,  information  about  the  possible  long- 
term toxicity  is  highly  essential.  This  is  especially  true  in  children 
where  effects  of  such  treatment  on  growth  and  maturation  are  not  known. 

A number  of  large  scale  clinical  trials  aimed  at  assessing  the  safety  and 
efficacy  of  various  drugs  are  now  underway.  The  most  extensive  study  in 
the  United  States  is  the  Coronary  Drug  Project  which  is  being  carried  out  by 
the  National  Heart  and  Lung  Institute.  In  this  study,  8,341  men  aged  30-64 
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with  previous  myocardial  infarction  have  been  enrolled.  22  They  have  been 
randomized  and  are  being  treated  with  estrogens,  clofibrate,  dextrothyroxine, 
nicotinic  acid,  and  placebo.  Thus  far,  no  definitive  conclusions  can  be 
reached  from  the  study  since  enrollment  of  the  study  population  was  com- 
pleted only  in  June  1969,  and  it  is  planned  that  the  study  will  run  5 years. 
However,  early  data  suggested  that  the  administration  of  the  higher  dose  of 
estrogen  was  associated  with  a possible  increase  in  the  incidence  of  nonfatal 
heart  attacks  and  this  regimen  was,  therefore,  discontinued.  It  should  be 
emphasized  that  this  is  a secondary  prevention  trial. 

A primary  trial  of  long  term  treatment  with  clofibrate,  coordinated  by  the 
World  Health  Organization,  is  now  underway  in  Edinburgh,  Prague,  and  Buda- 
pest. It  is  planned  to  recruit  5,000  male  volunteers  aged  30-59  in  each  of 
these  cities.  Men  are  selected  for  treatment  according  to  their  cholesterol 
levels;  only  those  individuals  with  serum  cholesterol  levels  in  the  upper 
one-third  of  the  population  distribution  receive  treatment.  Thus  far,  some 
data  have  been  accumulated  in  Edinburgh.  In  the  first  1 1/2  years  of  treat- 
ment, the  mean  serum  cholesterol  level  fell  18  percent  and  triglycerides  fell 
28  percent.  The  patients  with  the  highest  levels  of  serum  cholesterol  showed 
the  greatest  percentage  decrease  after  treatment. 23 

Surgical  Treatment  of  Hyperlipoproteinemia.  Studies  in  rabbits  rendered 
hypercholesterolemic  by  diet  showed  that  prophylactic  bypass  of  the  distal 
half  of  the  small  intestine  resulted  in  a decrease  of  96  percent  in  aortic 
cholesterol  content,  a 94  percent  reduction  in  whole  blood  cholesterol, 
and  prevention  of  atherosclerosis. 24  Similar  results  were  obtained  in 

dogs.  ^ 
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During  the  past  eight  years  one  group  of  investigators  has  performed  about 

26 

100  bypass  procedures  for  hyperlipidemia  in  patients.  Patients  were 

selected  for  surgery  after  dietary  management  had  been  carried  out  for  at 

least  three  months.  On  the  average  serum  cholesterol  concentrations  decreased 

markedly  and  this  decrease  was  sustained.  The  procedure  was  performed  in 

some  patients  with  Type  III  and  Type  IV  hyperlipoproteinemia  and  there  was  a 

27  28 

marked  reduction  in  serum  triglyceride  levels.  ’ The  surgical  mortality  was 

one  percent.  Patients  who  have  been  followed  for  long  periods  of  time  exhibit 

regression  of  xanthomas  and  arrest  of  peripheral  atherosclerosis  as  judged  by 

peripheral  arteriograms.  In  some  patients  there  is  a transient  period  of 

diarrhea.  However,  in  the  hands  of  other  surgeons  with  fewer  cases  more 

29 

serious  side  effects  occurred.  The  ability  to  absorb  Vitamin  B-j^  is  nearly 
lost,  and  this  vitamin  must,  therefore,  be  supplemented  parenterally . The 
patients  did  not  experience  significant  weight  loss. 

The  procedure  appears  to  produce  a marked  reduction  in  the  absorption  of 
cholesterol;  however,  cholesterol  biosynthesis  increases  but  in  most  instances 
the  increase  is  insufficient  to  compensate  for  the  loss  of  cholesterol  in  the 
stool.  Thus  far,  insufficient  numbers  of  patients  have  been  studied  to 
evaluate  the  long-term  effects  of  this  treatment  on  the  occurrence  of  man- 
ifestations of  arteriosclerosis.  Experience  with  this  form  of  therapy 
awaits  further  verification  by  other  investigators  who  can  accumulate  a 
similarly  large  number  of  cases.  Surgical  therapy  for  the  hyper lipidemias 
should  be  considered  an  experimental  procedure  to  be  undertaken  with  utmost 
caution . 

Hyperlipidemia  is  thus  important  since  it  is  a risk  factor  susceptible  to 

alteration.  On  the  basis  of  population  studies  relating  incidence  of 

arteriosclerosis  to  levels  of  serum  lipids  it  would  seem  desirable  to  under- 
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take  to  reduce  serum  lipid  levels  in  the  population  of  the  United  States. 
However,  this  is  a formidable  venture  since  it  would  require  changing  the  diet 
of  the  entire  population.  In  order  to  demonstrate  whether  intervention  of 
such  heroic  proportions  should  be  advocated  more  decisive  evidence  is  needed 
that  lowering  of  serum  lipids  at  any  given  age  by  whatever  means  will  indeed 
reduce  morbidity  and  mortality  from  atherosclerosis.  Intervention  trials 
designed  to  test  the  lipid  hypothesis  are  currently  in  progress.  Particular 
emphasis  is  being  paid  to  patients  at  high  risk.  The  ongoing  studies  in- 
clude the  Coronary  Drug  Project  previously  mentioned. 

Another  study  is  being  undertaken  by  the  Intramural  Program  of  the  National 
Heart  and  Lung  Institute.  In  this  study  of  250  patients  with  type  II  hyper- 
lipoproteinemia and  who  have  abnormal  exercise  electrocardiograms,  half  will 
be  treated  with  cholestyramine  and  diet  and  half  will  receive  only  dietary 
intervention.  All  of  the  subjects  will  be  studied  by  coronary  angiography 
repeated  at  2 and  5 years.  In  addition,  exercise  testing  will  be  performed 
every  6 months.  The  appearance  of  the  coronary  arteries  on  angiography 
will  be  used  as  one  measure  of  the  efficacy  of  the  treatment. 

A third  program  has  recently  been  initiated  and  involves  six  cooperating 
groups.  Lipid  Research  Clinics,  which  will  assemble  a population  of 
patients  with  hyperlipoproteinemia.  It  is  expected  that  this  study  will 
first  obtain  the  following  information:  1)  Prevalence  of  the  various  types 

of  hyperlipoproteinemia  in  individuals  of  all  ages  including  infants  and 
children;  2)  relative  morbidity  as  a function  of  the  specific  type  of 
hyperlipoproteinemia;  3)  improvements  of  methods  of  detection  as  well  as 
classification  of  hyperlipoproteinemia;  and  4)  determination  of  normal 
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levels  of  lipoprotein  at  different  ages,  especially  in  infants  and  children. 
Each  of  the  six  Lipid  Research  Clinics  is  expected  to  identify  between  200 
and  400  individuals  with  type  II  hyperlipoproteinemia.  Approximately  twice 
this  number  of  patients  would  be  needed  for  a study  to  obtain  a statistically 
significant  result  in  terms  of  reduction  in  morbidity  and  mortality. 

Other  sources  of  high  risk  patients  for  primary  prevention  studies  will  be 
the  Special  Centers  of  Research  in  Arteriosclerosis  and  in  Hypertension  as 
well  as  the  proposed  National  Centers  for  Prevention  of  Arteriosclerosis 
described  in.  Volume  I of  the  report.  Although  these  centers  will  have  other 
major  missions,  advantage  should  be  taken  of  the  opportunity  afforded  by 
their  patient  populations  to  speed  the  trials  outlined  above.  Conversely, 
the  populations  of  the  Lipid  Research  Clinics  should  be  accessible  to  these 
various  centers.  This  coordination  will  be,  in  large  measure,  a responsi- 
bility of  the  coordinating  commission  described  in  Volume  I of  the  report. 

Unresolved  Problems 

Numerous  programs  have  been  undertaken  in  order  to  develop  therapeutic 
regimens  capable  of  reducing  elevated  levels  of  serum  lipids  and  lipopro- 
teins. However,  it  is  not  known  whether  measures  resulting  in  reduction  of 
serum  lipid  and  lipoprotein  concentrations  will  also  result  in  a lowering  of 
the  rate  of  occurrence  of  atherosclerotic  clinical  disease  either  in  individ- 
uals with  normal  serum  levels  or  in  individuals  with  elevated  levels. 

Nor  is  it  known  what  kinds  of  diets  are  most  effective  in  lowering  levels  of 
serum  cholesterol,  i.e.,  diets  low  in  cholesterol  and  saturated  fats,  diets 
with  reduced  fat  content,  or  diets  high  in  polyunsaturated  fats.  Possible 
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toxicity  of  prolonged  use  of  such  diets  remains  to  be  studied,  especially 
during  fetal  development  and  in  children. 

The  selection  of  the  most  suitable  drug  for  treatment  of  patients  with 
various  types  of  hyperlipoproteinemia  needs  further  study. 

It  is  not  known  to  what  extent  the  results  obtained  with  drugs  in  patients 
with  hyperlipoproteinemia  can  be  extrapolated  to  individuals  with  lipid 
levels  within  the  normal  United  States  distribution. 

R ecomm  endatlo  ns 

1.  A single  large-scale  national  diet-heart  trial  Is  not  recommended.  A fter 
lengthy  deliberations  the  Task  Force  concluded  that  such  a study  Is  not 
feasible  at  the  present  tune. 

A number  of  clinical  trials  on  the  ejects  of  modifications  of  the  diet  have 
been  performed.  As  mentioned  earlier,  In  1962  the  Motional  Heart  Institute* 
sponsored  a study  to  determine  the  feasibility  of  undertaking  a large-scale 
prospective  study  of  the  prevention  of  coronary  heart  disease  by  dietary 
measures. 

The  Task  Force  considered  whether  a single  large-scale  trial  should  be  under- 
taken at  this  time.  It  reviewed  a large  body  of  scientific  evidence  pertain- 
ing to  past  experience  with  dietary  manipulations  and  Incidence  of  coronary 
heart  disease.  It  heard  testimony  from  many  of  the  scientists  currently  most 
active  In  the  field  and  reviewed  the  recommendations  made  to  the  National 
Heart  Institute  In  1968  by  the  Vlet-Heart  Review  Panel.  In  addition,  It 

*National  Heart  Institute  became  the  National  Heart  and  Lung  Institute 
in  1969. 
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held  dl*cu*Alon*  with  repreAentatlve*  far om  varlou*  governmental  departmentA 
and  fanom  InduAtry.  The  TaAk  F orce  convened  two  panel*  ofa  expends  to  consider 
tech.vu.caJl  aspect*  ofa  a propoAed  protocol. 

The  Taik  F once  dlAcuAAed  at  length  the  advisability  ofa  recommending  to  the 
National  Heart  and  Lang  Institute  the  Aupport  ofa  a Alngle  large,  long-term 
Atudy  to  attempt  to  obtain  evidence  that  through  alteration  ofa  the  faat  con- 
tent ofa  the  diet  ofa  the  general  population  ofa  the  United  State *,  there  could 
be  attained  a reduction  In  mortality  and  morbidity  farom  arterloAcleroAl*  and 
it * complication * . 

Upon  review  ofa  all  thl*  evidence,  the  majority  ofa  the  Task  Force  member*  faelt 
it  unwise  to  mount  a Alngle,  major,  national  diet-heart  trial  In  the  general 
population  ofa  the  United  State*  at  thl*  time.  Thl*  concluilon  was  bared 
mainly  on  three  conviction* : that  one  might  well  faall  to  obtain  the  de*lred 
defalnitlve  Aclentlfalc  an*wer  farom  thl*  huge  undertaking;  that  the  managerial 
problem a ofa  carrying  out  a well- controlled  Atudy  with  Auch  a large  faree 
living  population  [eAtlmate*  ranging  farom  24,000  to  115,000  Individual*)  In 
a country  where  an  average  ofa  IS  percent  ofa  the  total  population  move 
annually,  and  faor  the  lengthy  period  ofa  time  ( 7-10  years)  required  to  obtain 
a Aufafalclent  number  ofa  clinical  event*  In  the  Atudy  population  would  make 
the  Atudy  dlfafalcult  to  complete;  falnally,  In  view  ofa  the*e  uncertalntle* , the 
projection*  ofa  manpower  and  dollar  co*t*  [ranging  farom  $5 00  million  to  more 
than  one  billion  dollar*)  faor  Auch  a Atudy  are  faormldable. 

The  Ta*k  Force  expres*ed  AerlouA  reAervatlonA  about  Aeveral  ofa  the  faunda- 
mental  aAAumption*  upon  which  the  experimental  deilgn  ofa  the  propoAed  trial 
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woa  bated . TheAe  included  the  aAAumptions  relative  to  the  Apecifaic  reduc- 
tion in  Aerum  lipid*  which  could  be  achieved  in  a faree  living  population, 
and  the  magnitude  ofa  the  reduction  in  the  number  ofa  arterioAcierotic  events 
which  would  constitute  the  endpoints  ofa  the  Atudy.  The  Ta*k  Force  was  also 
concerned  about  the  inevitable  high  dropout  rate  when  individuals  are  re- 
quired to  adhere  to  rigorous  dietary  prescriptions  fa or  many  years.  Atso, 
at  the  national  diet  undergoes  Aubtle  but  Important  change*  over  a period 
ofa  years,  the  control  Aubjects  might  approach  the  experimental  group  in 
dietary  habits,  thus  interfaering  with  the  evaluation  ofa  the  baAic  hypo- 
thesis. In  addition,  the  TaAk  Force  concluded  that  Aubjects  adhering  to  a 
diet  regimen  would  moAt  likely  modifay  other  risk  faactors.  This  would  negate 
Aome  ofa  the  baAic  aAAumptions  ofa  the  Atudy  and  make  it  difafaicult  to  inter- 
pret the  results.  Finally,  the  Ta*k  Force  woa  concerned  over  the  Ioaa  ofa 
Aattsfaactory  control  Aubjects  over  a period  ofa  years  as  other  risk  faactors 
Auch  a A Amoking  habits  and  hypertension  are  afafaected  by  other  national 
program a . 

A a discus  a ed  earlier  in  this  report,  the  Ta*k  Force  fa  eels  that  a defainitive 
test  ofa  the  lipid  hypothesis  in  the  general  population  is  urgently  needed. 
However,  in  view  ofa  the  great  uncertainty  oa  to  the  faeoAibility  ofa  complet- 
ing a Aingle,  large, long-term  Atudy  and  obtaining  a meaning faui  answer,  and 
in  view  ofa  the  estimated  coAts  in  relation  to  this  uncertainty,  the  Ta*k 
Force  doe a not  recommend  that  Auch  a Aingle,  major  national  Atudy  in  the 
general  population  be  Aupported  by  the  National  Heart  and  Lung  Institute  at 
this  time.  The  Ta*k  Force  does  recommend  that  befaore  considering  Auch  a 
major  undertaking,  the  National  Heart  and  Lung  Institute  continue  with 
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*maller,  well- controlled  *tudles , de*crlbed  elsewhere  In  this  report,  to 
determine  whether  lowering  oft  blood  lipids  by  diet  on.  drug*  will  result  In 
decreased  Incidence  oft  clinical  disease. 

2.  Intensive  eftftorts  *hould  be  made  to  Identify  high  risk  Individuals  with 
hyperlipoproteinemia.  It  lt>  recommended  that  this  population  be  utilized 
ftor  trials  on  the  eftftect  oft  diet,  with  on.  without  drug*,  on  *erum  lipopro- 
tein concentration* . Mas*  trial*  with  diet  or  drug*  can  be  Ideally  under- 
taken In  population*  with  hyperlipoproteinemia  who  are  at  high  nl*k  ftrom 
vascular  disease.  Such  *tudle*  can  be  conducted  by  the  Lipid  Research 
Clinic*  de*cnlbed  earlier  In  the  report.  The*e  trial*  would  al*o  yield 
conclusion*  a*  to  the  optimal  mean*  ftor  treatment  oft  this  group  oft  patient*. 
Alternative  protocol*  ftor  treatment  could  also  be  evaluated  In  the  Special- 
ized Center*  ftor  Research  In  Antenlo* clero*is . 

3.  Further  *tudy  oft  *urglcal  procedures  ftor  treatment  oft  hyperlipidemia 
*hould  be  undertaken,  rigorously  comparing  eftftlcacy  and  *aftety  with  medical 
management. 
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B.  HYPERTENSION 


Current  State  of  Knowledge 

An  adequate  level  of  blood  pressure  is  essential  to  maintain  the 
circulation  and  perfuse  the  organs  of  the  body.  This  level  is  a 
reflection  of  many  variables  such  as:  age,  activity,  exercise  and 

the  state  of  the  vasculature.  The  blood  pressure  of  an  individual 
also  fluctuates  widely  between  sleeping  and  waking  and  with  changes 
in  the  emotional  state  of  the  subject.  Because  of  these  variables 
one  cannot  give  a single  value  for  the  (normal)  level  of  blood 
pressure. 

Life  insurance  data  have  established  that  for  either  sex  and  at  any 
age  mortality  is  directly  related  to  the  level  of  the  blood  pressure 
(whether  measured  as  systolic  or  diastolic  or  both)  down  to  and  in- 
cluding the  so-called  normal  levels.  It  is  now  recognized  that  the 
optimal  blood  pressure  for  an  adult  may  even  be  below  120/80  and  that 
some  increases  in  mortality  are  experienced  with  elevations  of  only 
10  to  20  mm.  Hg."*"  Thus,  what  constitutes  hypertension  is  difficult 
to  determine  and,  therefore,  the  term  has  been  variously  defined-  Some 
experts  define  it  as  a blood  pressure  more  than  two  standard  deviations 
above  the  mean  for  the  age,  and  so  arbitrarily  limit  the  prevalence 
to  5 percent  of  the  population.  However,  when  an  arbitrary  value 
such  as  150/90  or  more  is  used  to  define  hypertension,  the  prevalence 
of  this  condition  is  enormous.  By  this  definition  as  many  as  15 
percent  of  men  in  their  thirties  and  20  percent  of  men  in  their  fifties 
have  hypertension.  Thus,  high  blood  pressure  is  a very  common  disease 
in  the  United  States  affecting  more  than  20  million  Americans. 
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The  blood  pressure  level  rises  with  increasing  age.  At  birth,  it  is  approx- 
imately 80  mm.  Hg.  systolic  and  40  mm.  Hg . diastolic.  The  level  continues 
to  rise  until  the  adult  level  of  120/80  is  reached.  The  rise  progresses 
with  age  until  or  about  the  age  of  60  when  it  is  usually  140/90.  In  the 
United  States,  mortality  from  hypertension  and  its  complications  is  twice 
as  high  in  Negroes  as  in  whites.  There  is  also  a marked  difference  among 
the  sexes  in  terms  of  clinical  disease.  Hypertension  in  the  female  prior 
to  the  age  of  40  is  less  frequent  and  better  tolerated  than  in  the  male 
of  corresponding  age,  but  after  this  age  the  amount  of  hypertension  in  the 
female  exceeds  that  in  the  male.  Other  factors  that  enhance  hypertension 
are  obesity,  diabetes  and  possibly  a high  salt  intake. 

The  great  majority  of  patients  with  hypertension  (perhaps  80-90  percent) 

must  be  labelled  "essential"  due  to  lack  of  identification  of  a specific 

cause.  It  appears  that  many  variables  contribute  to  this  condition.  Genet- 
. 2 

xc  and  environmental  influences  are  such  factors.  However,  identifiable 
causes  of  high  blood  pressure  have  been  discovered  in  increasing  numbers 
in  recent  years.  Almost  any  form  of  renal  disease  may  be  associated  with 
an  elevation  of  the  blood  pressure:  glomerulonephritis,  pyelonephritis, 

arteritis  of  the  kidney,  polycystic  disease  and  various  congenital  lesions. 
These  causes  of  hypertension  have  been  known  for  many  years.  Interference 
with  the  arterial  blood  supply  to  the  kidney,  inside  (renal  artery  stenosis) 
or  outside  (coarctation  of  the  aorta)  the  organ,  may  result  in  hypertension. 
Recently,  a vast  body  of  information  has  been  developed  about  the  renin- 
angiotensin  and  aldosterone  systems  and  their  relation  to  high  blood 
pressure.  Elevation  in  blood  pressure  may  be  caused  by  increases  in  renin 
release  (perhaps  related  to  renal  artery  stenosis) , increases  in  the  renin 
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substrate  (as  may  be  caused  in  some  individuals  by  the  adminis- 
tration of  contraceptive  steroids  or  by  pregnancy) , primary 
increases  in  aldosterone  secretion  from  adenomas  or  hyperplastic 
adrenal  glands  and  other  adrenal  pathology  associated  with  hyper- 
secretion of  potential  pressor  hormones  (Cushing"s  syndrome  or 
pheochromocytoma) . Regrettably,  curable  causes  of  hypertension 
ate  identified  in  only  a small  fraction  of  patients.  Even  among 
those  with  renal  artery  stenosis  or  apparent  adrenal  tumor, 
treatment  is  not  always  successful. 

Attempts  to  characterize  patients  with  essential  hypertension 

more  precisely  have  especially  involved  the  analyses  of  plasma 

renin  activity  and  adrenal  cortical  secretion.  A high  plasma 

renin  value  has  been  encountered  in  approximately  10  percent 

if  persons  with  essential  hypertension,  and  a low  value  in  about 

30  percent  of  the  cases.  Further  investigations  have  identified 

angiotensin  and  aldosterone  values  which,  together  with  the  plasma 

renin  measurements,  provide  a biochemical  profile  which  may  lead 

to  a better  understanding  of  the  mechanism  and  therapy  of 

3 

essential  hypertension.  Individuals  with  an  elevated  blood 
pressure  die  (in  order  to  frequency)  from:  coronary  artery 

disease,  cerebral  vascular  disease  (thrombosis  or  hemorrhage) ; 
disease  of  the  small  vessels  of  the  kidneys  and  atherosclerotic 
disease  of  other  vessels.  The  first  two  are  the 
most  common  and  reflect  the  existence  of  hypertension  as 
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a potent  risk  factor  for  atherosclerosis  of  the  coronary  and  cerebral  arteries. 
Death  from  renal  disease  is  seen  chiefly  in  those  persons  having  accelerated 
(malignant)  hypertension,  and  occurs  more  frequently  in  Negroes  than  in 
whites . 

In  hypertensive  individuals,  atherosclerosis  of  the  coronary  and  cerebral 

4 

arteries  tends  to  be  more  severe  than  in  normotensive  persons.  Hypertension 
also  promotes  the  formation  of  cerebral  arterial  aneurysms  (Charcot-Bouchard) . 
The  risk  of  coronary  heart  disease  in  men  age  30-59  with  a diastolic  blood 
pressure  of  105  mm.  Hg . or  more  is  three  times  that  in  men  with  a diastolic 

level  of  75—84  mm.  Hg. (Figure  1).  In  the  case  of  stroke,  hypertensive  men  of 

similar  age  and  blood  pressure  had  nearly  ten  times  the  attack  rate  as 

men  with  normal  levels.  As  the  pressure  increases,  these  risks  also  increase. 

The  recognition  of  the  important  role  played  by  hypertension  in  arterio- 
sclerosis has  fortunately  been  paralleled  by  the  development  and  availa- 
bility of  drugs  which  either  lower  the  blood  pressure  to  normal  or  lessen 
the  hypertension  significantly,  in  almost  all  cases. 

A number  of  studies,  most  recently  and  decisively  the  cooperative  studies 
in  the  Veterans  Administration  hospitals,  have  established  the  value  of 
blood  pressure  control  in  reducing  the  incidence  of  strokes  and  heart 
failure.  There  is  also  suggestive  evidence  of  a lessening  of  coronary 

5 

attacks,  but  more  prolonged  observations  will  be  required  in  this  regard. 

While  hypotensive  drugs  do  have  certain  undesirable  side  effects,  they  are 
nevertheless  generally  well  tolerated  over  long  periods  and  are  not 
inordinately  expensive.  It  is  unfortunate  that  many  cases  of  hypertension 
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FIGURE  1 


DIASTOLIC  BLOOD  PRESSURE  AT  ENTRY  AND  AGE-ADJUSTED  RATES*  OF  FIRST 
MAJOR  CORONARY  EVENT  FOR  WHITE  MALES  AGE  30-59  AT  ENTRY 
NATIONAL  COOPERATIVE  POOLING  PROJECT 
Rate 

Per  1,000 


Diastolic  Blood  Pressure  Level  (mm  Hg) 

* Rates  for  10  Years  of  Followup  Adjusted  by  Age  to  the  U.  S.  White  Male  Population, 


go  unrecognized  since  the.  condition  develops  silently  until  complications 
occur.  It  has-  been  estimated  that  of  the  more  than  2Q  million  Americans 
suffering  from  hyper tension , about  half  are  undiagnosed,  and  about  70  percent 
of  those  that  are  recognized  are  receiving  no  or  inadequate  treatment. 

Unresolved  Problems 

The  etiology  of  80-90  percent  of  all  hypertension  remains  unknown.  Clearly, 
the  identification  and  control  or  removal  of  a specific  causative  factor 
is  crucial  for  the  patient  with  established  hypertension. 

Detection  and  evaluation  mechanisms  are  needed  for  the  millions  of  persons 
with  hypertension  presently  undiagnosed  and  untreated.  Effective  and 
economically  feasible  systems  need  to  be  devised.  The  utilization  of  self- 
administered  questionnaires,  allied  health  personnel,  and  automated 
techniques  may  be  possible  mechanisms  for  mounting  a massive  detection 
and  diagnostic  effort  in  hypertension. 

The  question  whether  the  blood  pressure  remains  on  a set  "track"  from  early 
childhood  to  adult  life  needs  to  be  settled.  Further  studies  are  needed  to 
determine  whether  this  pattern  can  be  altered  by  intervention. 

It  is  currently  unresolved  how  much  effort  should  be  expended  in  the 
attempt  to  define  and  treat  the  few  specific  recognized  causes  of  hyper- 
tension. From  the  standpoint  of  an  overall  reduction  of  the  national 
death  rate  it  might  be  better  simply  to  detect  and  treat  all  patients 
according  to  therapeutic  regimens  similar  to  those  used  by  the  Veterans 
Administration  cooperative  study  group.  There  is  also  a controversy  with 
respect  to  the  level  of  hypertension  that  should  be  treated,  and  whether 
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this  decision  should  be  made  on  the  basis  of  other  factors  in  addition 
to  blood  pressure. 

Another  unresolved  problem  is  whether  all  persons  with  labile  or  minimal 
fixed  hypertension  should  be  treated.  Questions  which  need  to  be  answered 
include:  should  this  treatment  include  the  very  young,  as  well  as  those 

with  no  evidence  of  complications  and  with  no  associated  risk  factors;  and 
should  treatment  be  limited  only  to  those  with  complications  and  those  with 
other  risk  factors? 

The  best  drug  or  combination  of  drugs  for  mass  application  needs  to  be 
determined.  Complications  and  contraindications  of  long-term  use  of  these 
drugs  need  further  study  and  requirements  for  adequate  follow-up  systems 
need  to  be  developed. 

Problems  of  long-term  adherence  to  therapeutic  regimens  need  definition. 

The  causes  of  non-adherence  need  to  be  better  understood  so  that  approp- 
riate measures  for  improving  patient  management  can  be  instituted. 

These  are  only  representative  of  the  many  unresolved  problems  which  must 
ultimately  be  faced  with  respect  to  the  control  of  hypertension  in  the 
United  States.  None  of  these  problems  is  simple  and  for  none  will  the 
answer  be  easily  obtained.  But  it  would  appear  that  the  time  has  come  for 
major  and  coordinated  efforts  aimed  at  answering  these  and  related 
questions . 

Recommendations 

7.  The  need  fioa  eaallen.  adequate  long-tenm  treatment  ofa  htgh  blood 
pfiessu/ie  must  be  emphasized.  In  this  aega/id  the  Task  Foace  stresses  the 
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importance.  0$  publicizing  middy  to  the  medical  profession  and  the  public 
the  benefits  to  be  derived  from  adequate  long -team  treatment  o f mild  and 
moderate  hypertension  in  middle-aged  males,  as  demonstrated  by  the 
cooperative  l/A  high  blood  pressure  studies . It  Is  highly  likdy  that 
similar  benefits  can  be  anticipated  in  the  long-term  treatment  o f hyper- 
tension in  young  males,  and  in  females. 

2.  The  Task  Force  endorses  the  plans  of  the  National  Heart  and  Lung 
Institute  for  a pilot  program,  utilizing  allied  health  per^onnd  under 
physician  supervision,  f or  detection  and  treatment  of  hypertension  in 
adults  in  s deeded  populations  using  test  regimens . 

3.  A more  thorough  assessment  of  the  frequency,  magnitude,  distribution, 
and  natural  history  of  devoted  blood  pressure  in  the  population  at  all 
ages,  inducting  children  and  adolescents , should  be  made. 

4.  The  role  of  salt  intake  in  the  genesis  of  hypertension,  especially  in 
children  and  adolescents  needs  to  be  evaluated.  Infant  foods  prepared 
without  added  salt  and  dearly  labded  as  such  should  be  made  available 
to  the  public  by  manufacturers  . 

5.  Basic  research  into  the  as  yet  unknown  etiology  of  essential  hyper- 
tension, including  further  studies  of  the  renin- angiotensin- aldosterone 
system,  must  reedve  adequate  support. 

6.  Investigations  should  be  undertaken  to  evaluate  further  the  benefits 
of  treatment  of  hypertension  in  women,  and  in  persons  of  both  sexes,  with 
labile  hypertension. 
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7.  A ddtttonat  JizAza&zh  mu6t  bz  undeAtakzn  to  dztzhmtviz  thz  mechanism 
whzn zby  hypzKtzvu>ton  ti>  a nJj>k  factor i aAtznto&ct&ioAtA . It  voouJLd 

appzaA  that  tnAu^tztznt  i>tady  ofi  thu>  problem  hcu>  bzzn  zoawizd  out  tn 
thz  pou>t. 
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C . SMOKING 


Current  State  of  Knowledge 

The  relationship  between  smoking  and  arteriosclerosis  has  been  reviewed  in 

1 2 

the  Surgeon  General's  reports  on  Smoking  and  Health.  ’ When  referring  to 
an  association  as  significant,  it  is  not  inferred  that  the  presence  of  a 
specific  causative  factor  is  obligatory  to  the  development  of  the  disease, 
but  rather  that  it  enhances  the  risk  of  developing  the  disease  in  a given 
ecologic  setting.  In  order  to  justify  the  institution  of  preventive 
measures,  it  is  necessary  to  have  strong  evidence  in  favor  of  a causal 
relationship  but  it  is  not  essential  to  understand  fully  the  mechanisms 
whereby  the  factor  enhances  risk. 

Myocardial  Infarction.  Extensive  retrospective  and  prospective  studies  have 

established  an  association  between  cigarette  smoking  and  myocardial  infarc- 
2 

tion.  The  significance  of  this  association  is  underscored  by  the  observed 
dose  response  relationship  and  the  consistency  of  the  association  from 
study  to  study  (Figure  1) . The  lowered  incidence  of  myocardial  infarction 
among  those  who  have  stopped  smoking  suggests  that  the  association  may  be 
causal  in  nature. 

A study  among  United  States  veterans  involved  more  than  11,000  deaths 

3 

from  coronary  heart  disease.  For  all  current  smokers,  the  mortality  ratio 

was  1.46,  rising  stepwise  from  1.0  for  non-smokers  to  a ratio  of  2.0  for 

those  smoking  more  than  39  cigarettes  a day.  The  American  Cancer  Society 

study  involved  nearly  15,000  deaths  from  coronary  heart  disease  among 

4 

men  and  women  40  to  79  years  of  age.  The  data  shows  that  the  greatest 
effect  of  cigarette  smoking  is  in  the  younger  age  groups.  For  those  smoking 
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FIGURE  1 


CIGARETTE  SMOKING  STATUS  AT  ENTRY  AND  AGE-ADJUSTED  RATES’"  OF  FIRST 
MAJOR  CORONARY  EVENT  FOR  WHITE  MALES  AGE  30-59  AT  ENTRY.  NATIONAL 

COOPERATIVE  POOLING  PROJECT. 


Rate 

per  1,000 


Cigar  Day  Day  Per  Day 

Only 


“"Rates  for  10  Years  of  Followup  Adjusted  by  Age  to  the  U.  S.  White  Male  Population, 
1960. 
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more  than  40  cigarettes  a day,  and  who  died  between  ages  40  to  49,  the 
mortality  ratio  was  5.51;  for  ages  50  to  59,  2.79;  60  to  69,  1.79;  and 
70  to  79,  1.47  (Figure  2).  A similar  trend  was  observed  in  women  dying  of 
coronary  heart  disease. 

Studies  of  male  college  students^  and  of  male  workers^  also  demonstrate  that 
the  coronary  heart  disease  mortality  ratio  for  cigarette  smokers  was  highest 
among  the  younger  age  groups.  This  age  effect  on  the  relationship  of  cig- 
arette smoking  to  coronary  death  indicates  that  the  greatest  effort  should 
be  exerted  on  keeping  young  individuals  from  smoking. 

While  the  risk  of  heart  attack  in  cigar  and  pipe  smokers  is  significantly 
less  than  that  of  cigarette  smokers,  several  studies  report  an  increased 
risk  of  about  25  percent^  and  one  shows  an  appreciable  increase  in  risk  for 

g 

non-fatal  myocardial  infarction  among  cigar  and  pipe  smokers. 

The  relationship  between  cigarette  smoking  and  myocardial  infarction  appears 

to  be  less  in  populations  where  atherosclerosis  of  the  coronary  arteries  is 

9 

less  common  or  severe.  Thus,  epidemiological  studies  undertaken  in  Japan 
and  in  other  countries'*-^  where  the  overall  incidence  of  myocardial  infarction 
is  relatively  low,  have  shown  no  major  effects  of  moderate  smoking  on  the 
occurrence  of  myocardial  infarction. 

The  combined  data  from  the  Albany  and  Framingham  studies  revealed  that  the 
effect  of  cigarette  smoking  is  independent  of  serum  cholesterol  and  blood 
pressure  level,  being  especially  high  among  men  who  have  an  elevated  serum 
cholesterol  level  (Figure  3).^  It  thus  appears  that  individuals  with 
elevated  levels  of  blood  lipids  are  at  high  risk  when  they  are  also  cigarette 
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MORTALITY  RATIOS  AND  DEATH  RATES  FOR  C HD  IN  MEN  BY  AGE 
AND  NUMBER  OF  CIGARETTES  SMOKED 

Cigarettes  Smoked  Daily 

I I Never  smoked  regularly 
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RATIO  OF  RELATIVE  RISK  FOR  MYOCARDIAL  INFARCTION  AND  CHD  DEATH 
MEN  AGED  30-62  BY  SERUM  CHOLESTEROL  AND  BLOOD  PRESSURE  LEVEL 
IN  RELATION  TO  CIGARETTE  SMOKING 
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smokers.  Subsequent  12-year  follow-up  from  the  Framingham  Study  shows  a 


similar  sharp  risk  gradient  according  to  the  amount  of  cigarette  smoking. 


12 


The  effect  of  cigarette  smoking  on  death  from  myocardial  infarction  is  also 

indicated  in  other  population  studies.  Seventh  Day  Adventist  men  (age  40) 

for  example,  have  an  increased  life  expectancy  of  6.1  years  over  the  average 

13 

white  male  United  States  population  of  the  same  age  and  develop  myocardial 

14 

infarction  at  a significantly  older  age  than  the  average  American  male. 

These  men  are  non-smokers,  and  have  lower  cholesterol  levels  than  the 
average  American.  However,  their  mode  of  life  differs  in  a variety  of  ways. 


In  addition  to  enhanced  risk  of  myocardial  infarction,  cigarette  smokers 

are  inclined  to  have  more  coronary  atherosclerosis  than  non-smokers, 

15-17 

according  to  several  autopsy  studies.  This  relationship  appears  to  be 

related  to  the  number  of  cigarettes  smoked  (Figure  4)  . However,  one  post 

mortem  study  of  accident  victims  did  not  show  this  increase  of  coronary 

18 

atherosclerosis  among  cigarette  smokers.  This  investigation  was  carried 
out  in  Chile  where  the  population  has  a low  level  of  blood  lipids  and  a 
low  incidence  of  atherosclerosis;  as  stated  previously,  cigarette  smoking 
under  these  conditions  may  have  a negligible  effect  on  atherosclerosis  and 
its  various  complications. 

The  effect  of  cigarette  smoking  on  sudden  death  is  demonstrated  by  the  pooled 
experience  of  six  major  prospective  epidemiological  studies  involving  154 
deaths,  showing  that  those  smoking  over  a pack  of  cigarettes  a day  have  a 3.36 
times  greater  risk  of  sudden  death  than  non-smokers  (Figure  5).^  Since  sud- 
den death  constitutes  some  50  percent  of  all  deaths  from  acute  heart  attacks, 
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DEGREE  OF  CORONARY  ARTERIOSCLEROSIS  IN  MEN 
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(Auerbach  et  al.,  1965) 


MORTALITY  RAT  I OS  AND  DEATH  RATES*  FOR  SUDDEN  CORONARY 
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(National  Cooperative  Pooling  Project,  A.H.A.,  1970) 


smoking  is  obviously  a matter  of  great  importance  from  the  public  health 
point  of  view. 

Individuals  who  have  discontinued  cigarette  smoking  have  a lower  mortality 

from  coronary  heart  disease,  the  extent  of  the  reduction  depending  on  a 

number  of  variables,  the  most  important  of  which  appears  to  be  duration  of 

discontinuance  and  amount  previously  smoked.  Although  there  has  been  general 

qualitative  agreement  among  the  different  studies  on  the  lower  mortality 

after  discontinuance  and  on  the  importance  of  these  two  variables,  there 

has  been  less  agreement  on  the  quantitative  effects.  Combined  results 

11  12 

from  the  Framingham  and  Albany  studies  ’ suggest  that  the  coronary  risk 

for  ex-smokers  reverted  to  the  non-smoker  level  within  a short  time  after 

discontinuance.  The  number  on  which  this  conclusion  was  based  was  small, 

however,  and  most  other  studies  have  failed  to  confirm  the  results.  Studies 

3 4 

based  on  larger  groups  ’ indicate  that  for  moderate  and  heavy  smokers  it 
may  take  at  least  10  years  of  discontinuance  before  the  level  of  the  non- 
smokers  is  reached  (Figure  6)  and  that  for  those  smoking  one  pack  or  more  in 
a day  it  may  take  as  much  as  20  years.  Those  who  had  smoked  less  than  10 
cigarettes  a day  appear  to  attain  the  level  of  non-smokers  in  a few  years. 
However,  more  exact  interpretation  is  complicated  by  the  fact  that  health 
status  may  influence  the  decision  to  discontinue  rather  than  vice  versa. 

The  overall  benefit  to  be  gained  from  giving  up  cigarette  smoking  is  well 

illustrated  in  the  study  of  British  physicians  who  have  been  able  to  stop 

smoking  cigarettes  more  readily  than  the  general  population.  There  was  a 7 

percent  decline  in  the  death  rate  from  myocardial  infarction  among  physicians 

19 

at  a time  when  the  rate  in  the  general  population  increased  by  35  percent. 
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Current  1 lto4  5 to  9 10  to  19  20+  Non- 

smokers  Years  as  Ex-smokers  smokers 

(Hammond  & Garfinkel,  1969) 


It  must  be  taken  into  consideration,  however,  that  some  of  this  difference 
may  be  due  to  improvements  in  diagnosis  of  myocardial  infarction  in  the 
general  British  population.  The  6 percent  decline  in  the  overall  death  rate 
from  heart  disease  of  all  types  among  British  physicians  compared  with  a 9 
percent  increase  in  death  rate  in  the  population  as  a whole  may,  therefore, 
be  a more  pertinent  comparison. 

Angina  Pectoris.  The  combined  Albany  and  Framingham  Study,  reported  in  1964, 

which  included  66  men  who  developed  angina  pectoris,  did  not  show  a 

relationship  between  cigarette  smoking  and  angina  pectoris.'*''*'  The  1968 

Framingham  report  revealed  an  increased  risk  for  male  smokers,  although 

12 

the  difference  was  not  significant. 

However,  a significant  association,  including  a clear  dose  response 
relationship,  was  reported  in  another  study,  based  on  233  men  aged  35  to 

g 

64  years  in  whom  angina  was  diagnosed  as  a new  event.  Smokers  of  40 
cigarettes  or  more  per  day,  were  found  to  have  an  annual  age-adjusted 
incidence  of  6.64  per  1,000,  compared  with  a rate  of  1.37  among  non- 
smokers,  while  those  who  smoked  a pack  or  more  a day  had  a rate  of  2.59. 

The  criteria  used  for  diagnosis  of  angina  in  this  study  varied  from  those 
used  in  the  Framingham  Study,  but  they  were  carefully  defined.  All  these 
data  are  based  on  relatively  few  cases  and  additional  studies  will  be  needed 
before  final  conclusions  can  be  drawn  as  to  the  relationship  between  angina 
pectoris  and  cigarette  smoking. 

Cerebrovascular  Disease.  Retrospective,  as  well  as  prospective  studies,  show 
an  association  between  cigarette  smoking  and  stroke,  although  this  seems 
to  be  limited  to  cerebral  infarction. 
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Unlike  most  studies,  the  Framingham  Study  attempted  to  distinguish  cerebral 

20 

infarction  from  cerebral  hemorrhage.  For  men  with  cerebral  infarction 

who  smoked  more  than  a pack  of  cigarettes  per  day,  the  study  reports  a 

mortality  ratio  of  1.66.  The  number  of  cases  included  in  this  study  is 

still  too  small  for  definitive  interpretation.  A study  of  male  college 

graduates  showed  a relationship  of  cigarette  smoking  to  cerebral  thrombosis 

21 

but  not  to  cerebral  hemorrhage.  The  study  of  United  States  veterans 
showed  current  cigarette  smokers  to  have  a mortality  ratio  for  "cerebral 

3 

vascular  lesions"  of  1.40.  Depending  on  age,  the  American  Cancer  Society 

study  showed  mortality  ratios  of  1.6-2. 4 for  males  smoking  2 packs  a day, 

setting  the  ratio  at  1.0  for  non-smokers.  A similar  trend  was  observed 
4 

for  women.  No  clear  dose-response  relationship  was  found  (Figure  7). 


Peripheral  Vascular  Disease.  The  mortality  from  non-syphilitic  aortic 
aneurysms,  presumably  due  to  arteriosclerosis,  is  significantly  higher  among 
cigarette  smokers  than  among  non-smokers.  A study  of  approximately  360 
deaths  from  aortic  aneurysm  showed  a dose  response  relationship  with  in- 
dividuals smoking  more  than  40  cigarettes  per  day  having  a mortality  ratio 
4 

of  8.0.  Similar  dose  response  relationships  were  found  in  a study  of 

3 

approximately  500  veterans.  Since  conditions  like  intermittent  claudication 

are  not  reportable,  special  studies  are  needed  to  deal  with  this  particular 

problem.  The  prospective  Framingham  Study  showed  cigarette  smoking  to  be  a 

22 

significant  risk  factor  in  intermittent  claudication.  Several  retrospective 

epidemiological  studies  have  also  noted  this  condition  as  relatively  uncommon 
23  24 

among  non-smokers.  ’ Based  on  several  retrospective  studies  in  the 

literature,  it  is  apparent  that  the  occurrence  of  thromboangiitis  obliterans 

25 

or  Buerger's  Disease,  is  uncommon  in  individuals  who  have  never  smoked. 
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MORTALITY  RATIOS  AND  DEATH  RATES  FOR  STROKE  IN  MEN  BY  AGE 

AND  NUMBER  OF  CIGARETTES  SMOKED 


O 

Z6Z  2 

CD 

86£  -E 
ZI9 

o 

059  ^ 

d 

68Z  i 

zzz  5 

ZMZ 

6IZ 

891 


96 

18 

6£ 

8Z 

017 


vO 


LTV 


'cr  ro  m 

SOI^y  A|!|B1J0W 


CD 

"cO 

C£ 


o 

CD 

CD 

cd" 

CD 


CD 

CD 

o 


CD 

CL 


OO 


on 


S 

I ^ 
d CD- 
CD  1 

OO  LOv 

<U  >■» 
Ql 


o 


92 


Mechanisms . Although  the  mechanism  by  which  cigarette  smoking  enhances  the 


risk  of  atherosclerosis  and  its  various  clinical  complications  may  not  be 
fully  understood,  there  are  several  components  within  tobacco  smoke  that  are 
known  to  have  effects  on  the  cardiovascular  system.  Nicotine,  for  example, 
increases  the  heart  rate  largely  through  its  effect  on  the  release  of  cate- 
cholamines. It  can  transiently  increase  blood  pressure,  cardiac  output, 
stroke  volume,  velocity  of  contraction,  as  well  as  raise  myocardial  oxygen 

consumption  and  induce  various  cardiac  arrhythmias.  These  various  responses 

2 26  27 

have  been  investigated  clinically  and  in  animal  experiments.  ’ ’ The 

heart  with  ischemic  lesions  is  particularly  susceptible  to  the  effects  of 

28  29 

nicotine  on  heart  rhythm  and  oxygen  consumption.  ’ It  has  also  been  sug- 
gested that  cigarette  smoking  can  affect  blood  coagulation  and  thrombus  for- 
2 

mation.  The  difficulties  of  obtaining  adequate  data  in  acutely  ill  patients 

2 

are  apparent  from  recent  studies. 

Carbon  monoxide  in  tobacco  smoke  may  also  exert  a deleterious  effect  through 

the  formation  of  carboxyhemoglobin.  It  is  reported  that  non-smokers  have  a 

carboxyhemoglobin  level  of  0.4  percent  while  the  level  of  cigarette  smokers 

30 

is  usually  in  the  range  of  3-10  percent.  In  individuals  with  existing 

coronary  heart  disease,  this  loss  of  oxygen  carrying  capacity  may  be  critical. 

Animals  exposed  to  carbon  monoxide  exhibit  a greater  degree  of  athero- 
31  32 

sclerosis.  * 

Unresolved  Problems 

Sudden  death  is  frequent  after  myocardial  infarction.  In  appears  that  smoking 
increases  the  risk  of  sudden  death,  but  its  exact  role  is  not  known.  It  is 
not  known  for  certain  whether  there  is  an  association  between  angina  pectoris 
and  smoking.  Appropriate  criteria  for  angina  need  to  be  set  so  that  the 

data  from  several  studies  can  be  compared. 
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Additional  work  is  required  to  elucidate  differences  in  the  epidemiology  of 
cerebral  thrombosis  and  cerebral  hemorrhage  in  relation  to  smoking.  The 
data  should  clearly  distinguish  between  these  two  clinical  entities. 

At  present,  it  is  not  known  whether  one  type  of  cigarette  has  a different 
effect  on  the  rate  of  cardiovascular  disease  than  another.  Likewise,  it 
is  not  known  whether  the  reduction  in  nicotine  content  of  cigarettes  is 
leading  to  a reduction  in  atherosclerosis  and  its  various  clinical  sequelae. 

The  influence  of  cigar  and  pipe  smoking  on  atherosclerosis  and  its  various 
medical  complications  needs  further  exploration.  Further  data  would  be 
useful  to  determine  the  role  and  amount  of  inhalation  of  tobacco  smoke  in 
the  pathogenesis  of  atherosclerosis. 

While  available  studies  suggest  that  cessation  of  cigarette  smoking  will 
lead  to  a reduction  of  the  incidence  of  myocardial  infarction,  the  timing 
and  degree  of  such  a reduction  is  still  unknown.  Such  information  is  of 
great  practical  as  well  as  theoretical  importance. 

The  possibility  that  cigarette  smoking  raises  the  levels  of  blood  lipids 
deserves  further  study,  although  present  evidence  is  that  the  correlation 
between  smoking  and  serum  lipid  levels  is  of  a low  order.  It  appears  that 
the  effect  of  cigarette  smoking  is  more  pronounced  in  the  presence  of  ele- 
vated blood  lipids  and  atherosclerosis.  An  understanding  of  this  inter- 
relationship is  obviously  of  importance. 

Though  there  is  some  evidence  that  nicotine  affects  the  rate  of  athero- 
genesis  and  its  various  complications,  the  relative  interrelationship  of 
the  suggested  intermediary  steps  requires  further  delineation.  The 
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possibility  of  threshold  levels  and  ways  in  which  the  nicotine  effect  could 
be  blocked  or  reduced  through  practical  means,  warrants  further  study.  It 
remains  to  be  shown  to  what  extent,  if  any,  carbon  monoxide  affects  the 
progression  of  atherosclerosis  or  the  occurrence  of  acute  events.  The 
possible  interrelationship  between  cigarette  smoking  and  thrombus  formation 
requires  further  elucidation.  There  is  a particular  need  to  study  the  effect 
of  nicotine  on  the  normal  and  damaged  myocardium,  especially  under  conditions 
of  marginal  oxygen  supply,  in  terms  of  hemodynamic  function  and  electrical 
stability  of  the  heart. 

It  is  not  apparent  why  some  smokers  with  a given  medical  and  biochemical 
background  are  more  prone  to  develop  atherosclerotic  cardiovascular  disease 
than  others  with  similar  characteristics.  Factors  that  explain  individual 
differences  in  susceptibility  to  tobacco  smoking  are  not  apparent. 

Recommendatio  m 

1 . To  coordinate  the.  educatio  nal  aspects  oh  risk  hectors  inducting  Amo  king 
and  atheroAcleroAis , and  its  various  cJU.nic.al  complications , the.  Task  F once 
/ie.comme.nd&  fiosumation  oh  an  Ohjice.  oh  Education  within  the.  National  Heasvt  and 
Lung  Institute.  This  ohhsce  will  initiate,  Atimulate,  and  execute  educational 
programA  in  the  area  oh  Amo  king  and  other  risk  hectors  in  coordination  with 
voluntary  health  organizationA  . 

2.  It  iA  recommended  that  the  Institute  actively  Aupposvt  extenAive  coor- 
dinated epidemiological,  clinical,  and  laboratory  reAearch  to  explore  in 
detail  the  components  oh  tobacco  Amoke  that  contribute  directly  or  indirectly 
to  atheroAclerotic  disease  and  to  investigate  their  mode  oh  action.  A primary 
goal  oh  Auch  ehh°rtA  Ahould  be  lesA  harmhul  Amoking  productA. 
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3.  Because  of  the  relatively  low  Incidence  of  myocardial  infarction  in 
premenopausal  women,  there  are  few  epidemiological  data  on  Amo  king  and 
atherosclerosis  among  this  group.  Increased  epidemiological  information 
concerning  this  important  segment  of  the  population  is  needed.  Studies  on 
other  clinical  manifestations  of  arteriosclerosis  in  this  population  are 
also  recommended. 

4.  Intensive  research  on  psychosocial  factors  related  to  cigarette  smoking 
should  be  undertaken.  Studies  should  be  conducted  to  determine  these 
characteristics  in  smokers  with  a view  to  preventing  young  people  from 
taking  up  the  habit  and  motivating  smokers  to  stop. 

5.  Epidemiological  research  should  be  expanded  to  monitor  the  effect:  of 
different  types  of  cigarettes  and  other  smoking  products  on  atherosclerotic 
disease  and  its  various  clinical  complications.  Such  an  investigation  has 
obvious  practical  and  theoretical  implications. 

6.  The  tdbacco  industry  should  be  encouraged,  by  legislative  means  if 
necessary,  to  reduce  those  elements  in  tobacco  smoke  that  can  be  demonstrated 
to  be  responsible  for  the  occurrence  of  the  manifestations  of  arteriosclerosis . 

7.  Since  the  cessation  of  cigarette  smoking  seems  to  be  a difficult  task, 
especially  for  heavy  smokers,  it  is  recommended  that  smoking  withdrawal 
clinics  be  established  in  institutions  that  provide  general  medical  core  for 
the  public. 
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D.  DIABETES  MELLITUS 


Current  State  of  Knowledge 

It  has  long  been  recognized  that  patients  with  diabetes  have  a high  incidence 

of  atherosclerosis.  In  one  large  series,  vascular  disease  was  the  cause  of 

death  in  three-fourths  of  patients  with  diabetes  both  male  and  female.'*'  In 

diabetic  males,  aged  15  to  44,  the  mortality  from  coronary  heart  disease  is 

4.6  times  higher  than  in  non-diabetic  males,  and  in  female  diabetics  the  death 

2 

rate  is  6.4  times  that  found  in  non-diabetic  females.  Atherosclerosis  is 
thus  not  only  increased  but  it  occurs  at  an  earlier  age,  and  the  protection 
against  coronary  heart  disease  enjoyed  by  younger  women  is  obliterated  by  the 
presence  of  diabetes.  The  incidence  of  peripheral  vascular  disease  in  dia- 
betics is  even  greater  than  that  of  coronary  heart  disease. 

In  patients  with  coronary  heart  disease  the  incidence  of  abnormal  glucose 
tolerance  tests  is  almost  double  that  expected  in  the  population  as  a whole: 
37.5  percent  of  the  men  and  42.1  percent  of  the  women  had  abnormal  glucose 

3 

tolerances.  Elevated  blood  glucose  has  also  been  shown  to  be  a risk  factor 
in  the  Framingham  Study,  especially  in  respect  to  peripheral  vascular  disease. 

It  is  tempting  to  relate  the  occurrence  of  vascular  disease  in  patients  with 

diabetes  or  elevated  levels  of  blood  glucose  to  hyperlipidemia.  The  data 

from  the  Tecumseh  Study  do  show  a correlation  between  hyperglycemia  and 

hyperglyceridemia. ^ However,  in  some  studies  normal  serum  lipid  levels  have 

6 7 8 

been  found  in  diabetics  although  others  have  reported  elevated  levels.  ’ ’ 

It  is  noteworthy  that  in  Israel,  individuals  from  North  Africa  and  the 
Middle  East  with  diabetes  have  a low  incidence  of  coronary  heart  disease. 
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In  Japan,  the  incidence  of  atherosclerosis,  even  peripheral  vascular  disease, 

9 

in  diabetics  is  negligible.  It  may  be  that  the  presence  of  diabetes 
so  potentiates  risk  factors  such  as  hyperlipidemia  that  the  effects  of  the 
differences  in  serum  lipid  levels  between  Western  and  Japanese  populations 
are  sufficient  to  account  for  the  high  incidence  of  atherosclerosis  in 
diabetics  in  the  Western  world. 

Certain  patients  with  hypertriglyceridemia  do  have  hyperglycemia.  It  has 
not  as  yet  been  determined  whether  such  patients  have  genetic  diabetes 
mellitus  or  whether  the  hyperglycemia  is  secondary  to  the  hyperlipoproteinemia. 
Obesity  is  common  in  this  group  of  patients  and  it  has  been  suggested  that 
the  hyperlipidemia  may  be  the  result  of  the  increased  levels  of  plasma 
insulin  that  have  also  been  found  in  these  individuals. 

The  reason  for  the  increased  incidence  of  atherosclerosis  in  diabetics  is 
not  known.  Although  at  times  it  may  be  related  to  the  presence  of  hyper- 
lipidemia, it  occurs  so  frequently  in  the  absence  of  high  levels  of  serum 
lipids  that  the  effect  of  local  factors,  such  as  increased  amounts  of  muco- 
polysaccharides in  the  arterial  wall,  require  further  study. 

Unresolved  Problems 

The  reason  why  patients  with  diabetes  mellitus  have  such  a high  incidence 
of  atherosclerosis  is  not  known.  While  patients  with  keto-acidosis  and 
a small  group  with  marked  hyperglyceridemia  do  have  very  high  serum  levels, 
the  levels  of  serum  lipids  and  lipoproteins  in  the  remainder  of  the  diabetic 
population  have  not  been  well  defined. 

It  is  not  known  whether  treatment  directed  toward  lowering  levels  of  serum 
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lipids  affects  the  incidence  of  atherosclerosis  in  diabetics  or  whether 
treatment  of  diabetes  affects  levels  of  serum  lipids  except  in  patients  who 
are  severely  undertreated . 

The  results  of  the  study  by  the  University  Group  Diabetes  Program^  suggest 
that  administration  of  tolbutamide  and  also  phenformin  results  in  increased 
mortality  from  cardiovascular  disease.  The  reason  is  unknown  and  requires 
study.  Because  of  this  finding,  the  use  of  diet  in  the  management  of  the 
non-insulin  requiring,  maturity  onset  diabetics,  has  assumed  increased 
importance.  Further  study  of  diabetic  diets  in  terms  of  their  effects  on 
serum  lipids  is  necessary. 

RecommendationA 

7.  In  ^acilitieA  Auch  oa  the  Lipid  Screening  ClinicA  and  ArterioAcleroAiA 
ReAearch  Centers , Aeru m Lipid  and  lipoprotein  levelA  Ahould  be  determined 
in  a representative  population  ofi  patients  with  pre-diabetes , chemical 
diabetes,  and  overt  diabetes.  AIao,  it  Ahould  be  determined  whether  treat- 
ment ofi  diabeteA  a^ects  levels  ofi  serum  lipids  and  lipoproteins . 

2.  The  moAt  elective  methodA  &or  lowering  levels  ofa  Aerum  lipidA  and  lipo- 
proteinA in  theAe  diabetic  individuals  Ahould  be  determined. 

3.  The  efifiect  ofa  Auch  regimenA  on  the  incidence  otf  peripheral  vascular 
diAeaAe,  coronary  heart  diAeoAe,  and  micro  angiopathy  needA  to  be  evaluated. 

4.  Research  directed  toward  determining  how  diabeteA  accelerateA  the 
development  ofa  arteriosclerosis  Ahould  be  undertaken.  ThiA  would  include 
AtudieA  OjJ  the  ejects  o £ diabeteA  on  the  metaboliAm  ofi  the  arterial  wall , 
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htudieh  the  aole  ofi  diabeteh  on  Lipoprotein  hynthehih  and  cata\bolihm  ah 
Melt  ah  on  Lipid  metabolihm,  evaluation  ofi  the  role  ofa  oral  hypoglycemia 
agenth  and  inhulin  on  Lipid  metabolihm  and  onsthe  metabolihm  ofi  the  arterial 
wall,  and  evaluation  o^  the  r eiationhhip  between  familial  hypergly^eridemia 
and  genetic  diabeteh  meLLituh. 
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E.  OBESITY 


Current  State  of  Knowledge 

Overweight  has  been  directly  or  indirectly  implicated  in  several  aspects  of 

1 2 

cardiovascular  disease.  ’ These  include  evidence  from  insurance  companies 
showing  an  increased  death  rate  from  cardiovascular  and  renal  diseases  in 
persons  who  are  overweight;  an  increased  prevalence  of  hypertension;  an 
association  with  faulty  ventilation  of  the  lungs  leading  to  a reduced 
oxygen  tension  in  the  blood,  and  the  production  of  a type  of  chronic  right 
heart  disease  apparently  seen  only  in  obese  persons;  and  an  association  with 
diabetes  which  in  turn  is  frequently  accompanied  by  atherosclerosis  early 
in  life.  Investigations  have  pointed  to  the  differing  importance  of  body 
weight  P2A  4£L  and  body  fatness.  The  latter  has  been  found  to  have  a more 
significant  association  with  coronary  heart  disease  than  weight  standards, 
"ideal"  weights,  and  weight-height  relationships  in  that  none  of  these  may 
be  properly  applicable  to  populations  with  the  range  of  varied  body  builds 
customarily  encountered. 

The  three  factors  - obesity,  hypertension,  and  diabetes  - are  interrelated, 

and  each,  in  turn,  is  related  to  atherosclerosis.  Further,  certain  patterns 

of  hyperlipidemia  associated  with  premature  atherosclerosis  are  more  common 

in  those  who  are  overweight.  There  is  disagreement  as  to  the  extent  of 

coronary  disease  in  obese  individuals  without  either  hypertension  or 

diabetes;  most  studies  have  shown  a modest  excess  of  coronary  disease  in 

3 

those  who  are  overweight . Overweight  is  not  just  important  in  later  life 

for  it  has  been  shown  that  the  college  student  who  is  excessively  heavy  has 
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an  enhanced  mortality  rate  from  coronary  heart  disease  later  in  life.  It 
is  this  kind  of  evidence  and  the  frequency  of  hypertension,  diabetes,  and 
certain  hyperlipidemic  states  in  coronary  heart  disease  and  strokes,  and 
their  association  with  obesity,  which  point  to  .obesity  as  an  important  risk 
factor.  Further,  obesity  is  unhappily  a common  health  problem  (one- third  of 
a group  of  6,640  middle-aged  men  from  five  different  regions  in  the  United 
States  were  more  than  20  percent  above  ideal  weight) . 

Unresolved  Problems 

Recent  studies  of  obese'  individuals  have  revealed  abnormalities  in  a number 
of  metabolic  parameters  such  as  glucose  tolerance  and  plasma  insulin  levels.^ 
It  is  not  evident  whether  these  changes  are  the  result  of  obesity  or  the 
cause  of  it.  Studies  of  the  metabolism  of  adipose  tissue  in  these  subjects 
need  to  be  extended  so  that  the  underlying  mechanisms  whereby  obesity 
affects  atherosclerosis  can  be  understood. 

There  are  considerable  data  showing  that  the  levels  of  serum  lipids  are 
related  in  part  to  caloric  intake.  Patients  gaining  weight  have  increases 
in  their  levels  of  serum  cholesterol  and  triglyceride.  Levels  of  serum 
triglycerides  in  patients  with  hyperglyceridemia  are  strikingly  reduced  by 
caloric  restriction.  The  turnover  of  cholesterol  is  altered  in  obese  in- 
dividuals. The  details  of  these  relationships  require  additional  study. 

One  particular  unresolved  problem  involves  the  maintenance  of  ideal  weight 
in  the  young.  This  has  long-term  implications  for  atherosclerosis.  The 
medical  profession  and  society  have  not  faced  up  to  the  early  indentif ication 
of  the  obese  child.  They  have  also  not  been  able  to  provide  an  adequate 
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answer  to  the  management  of  this  problem  once  it  has  been  recognized.  It  is 
believed  to  be  important  to  try  to  prevent  obesity  in  the  middle-aged  and 
elderly  by  proper  habits  of  eating  and  weight  consciousness  in  childhood 
and  youth. 

R ecomm  endatio  ns 

1.  The  Task  Force  sie.comme.ndA  that  there  be  support  for  basic  research  -into 
the  mechanisms  tkn.ou.gh  which  obesity  is  related  to  the  development  of 
athen.0Aclen.0AiA . 

2.  The  TaAk  Fon.ce  recommends  that  thene  be  emphasis  now,  unden  the  leader- 
Ahip  of  the  Federal  Government  and  in  cooperation  with  all  possible  volun- 
tary health  groupA,  on  the  definability  of  maintenance  of  ideal  weight  f or 
all  age  groupA.  Melt  baby  clinicA,  nursery  AchoolA,  kindergarten  classes, 
of  well  oa  Parent-Teacher  kAAociatlon  groupA,  need  to  direct  f or  more 
attention  to  the  problem.  Primary  and  Aecondary  AchoolA  Ahould  be  encouraged 
to  achieve  the  Aame  goal.  Specific  programA,  baAed  upon  recommendations 
from  parents,  teachers,  nutritionists , psychologists , and  physicians,  es- 
pecially pediatricians , should  be  formulated  and  widely  disseminated.  Local 
implementation  in  cooperation  with  health  and  school  groups  would  be  a 
prerequisite  to  success. 
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F.  PHYSICAL  INACTIVITY 


Current  State  of  Knowledge 

The  scientific  evidence  regarding  the  relationship  between  physical  inactivity 
and  the  risk  of  coronary  heart  disease  is  far  from  conclusive.  Nevertheless, 
a great  many  physicians  and  some  health  organizations  are  actively  promoting 
physical  exercise  as  a preventive  or  therapeutic  measure  for  coronary  heart 
disease.  It  has  been  estimated  recently  that  as  many  as  8 million  adult 
Americans  are  actively  engaged  in  regular  physical  exercise  towards  this  end. 

The  idea  that  regular  physical  exercise  decreases  the  danger  of  death  or  dis- 
ability from  coronary  atherosclerotic  disease  is  based  on  a number  of  assump- 
tions, some  proven  and  some  of  questionable  validity.  These  include: 

1)  Exercise  training  may  increase  the  size  of  the  coronary  arterial 

bed  and  the  extent  and  functional  capacity  of  the  collateral  circulation. 

2)  Habitual  exercise  makes  the  heart,  the  peripheral  muscles  and  the 
peripheral  circulation  operate  more  efficiently. 

3)  Habitual  physical  activity  may  decrease  the  tendency  for  coronary 
atherosclerosis  by  modification  of  the  known  risk  factors.  For  example, 
it  may  help  to  maintain  ideal  body  weight,  lessen  psychic  stresses, 

and  make  an  individual  more  health  and  diet  conscious. 

4)  Regular  exercise  may  lessen  the  probability  of  coronary  thrombosis 
by  modifying  the  clotting  mechanisms  and  by  favorably  affecting  the 
sympathetic  neuro-humoral  balance. 

5)  Exercise  may  decrease  the  tendency  towards  the  fatal  consequences  of 
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myocardial  infarction  by  increasing  collateral  circulation,  by  decreas- 
ing myocardial  catecholamine  concentration,  by  increasing  left  ventric- 
ular mass  and  decreasing  the  likelihood  of  arrhythmias. 


These  hypotheses  were  developed  largely  from  uncontrolled  clinical  observa- 
tions by  physicians  over  the  years  beginning  with  Heberden  in  1772. ^ They 
have  been  supported  recently  by  a number  of  epidemiological  and  hemodynamic 

studies  although  not  all  these  investigations  ate  in  accord.  A number  of 

2—8 

excellent  reviews  regarding  this  subject  have  been  published. 


Epidemiological  evidence.  Much  of  the  impetus  to  consider  physical  inactivity 

as  a risk  factor  for  coronary  artery  disease  has  arisen  from  epidemiological 

investigations.  The  following  hypothesis  by  Morris  and  colleagues  in  a study 

9 

of  conductors  and  drivers,  summarizes  the  proposed  relationship. 

"Men  in  physically  active  jobs  have  a lower  incidence  of  coronary  heart 
disease  in  middle  age  than  have  men  in  physically  inactive  jobs.  More 
important,  the  disease  is  not  so  severe  in  physically  active  workers, 
tending  to  present  first  in  them  as  angina  pectoris  and  other  relatively 
benign  forms  and  to  have  a smaller  early  case  fatality  and  a lower  early 
mortality . " 


A multitude  of  epidemiological  studies  have  been  published,  some  in  confirma- 

9-20  21—31 

tion  of  this  hypothesis  and  others  failing  to  provide  support. 


The  discrepancies  between  these  investigations  are  striking,  pointing  out 
the  difficulties  in  arriving  at  answers  in  a disease  of  multiple  etiology 
such  as  arteriosclerosis.  The  difficulties  are  compounded  if  the  risk  factor 
in  question,  e.g.  physical  inactivity,  is  difficult  to  assay  with  precision. 
Judging  physical  activity  by  occupation  alone,  especially  by  last  occupation, 
is  inaccurate.  People  may  intentionally  select  jobs  on  the  basis  of  their 
health,  transfer  and  leave  jobs,  and  may  have  off-the-job  activities  that 
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directly  influence  their  level  of  physical  fitness. 


Another  factor  making  it  difficult  to  evaluate  the  possible  effect  of  exer- 
cise is  the  fact  that  regular  exercise  may  influence  other  risk  factors  such 
as  serum  lipid  concentrations,  smoking  habits,  obesity,  and  emotional  stress. 
There  is  a possibility  that  the  beneficial  effects  of  exercise  are  mediated 
at  least  in  part  by  an  effect  on  some  of  these  independent  risk  factors.  In 
some  of  the  studies  cited  above,  the  level  of  physical  activity  was  inferred 
from  socioeconomic  stratification  on  the  assumption  that  the  lower,  laboring 
classes  are  more  physically  active  than  are  the  clerical  and  managerial  classes 
It  is  to  be  recognized  that  the  question  of  physical  activity  was  not  directly 
explored  in  all  of  these  studies. 

In  the  Framingham  Study  it  was  found  that  the  risk  of  death  in  least  active 
males  was  three  times  that  of  the  most  active  males. ^ Using  three  objective 
measurements  taken  as  sedentary  traits,  (fast  heart  rate,  obesity,  and  dimin- 
ished vital  capacity)  it  was  determined  that  the  death  rate  of  subjects  having 
all  three  traits  was  five  times  that  of  subjects  having  none.  In  contrast 

to  this,  is  the  prospective  study  by  Keys  et  al.  involving  cohorts  in  seven 
27 

countries.  After  120,000  man-years  of  observation,  the  difference  in 
coronary  artery  disease  risk  between  the  sedentary  and  active  groups  is  not 
evident.  This  suggests  that  if  physical  inactivity  is  indeed  a risk  factor, 
it  is  of  much  smaller  magnitude  than  hypertension,  cigarette  smoking,  and 
elevated  serum  cholesterol. 

32 

Another  provocative  report  is  that  by  Frank  et  al.  These  investigators 
found  that  physically  active  individuals  have  milder  infarctions  and  lower 
initial  mortality  than  the  sedentary.  In  this  study,  data  as  to  prior  physi- 
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cal  activity  was  obtained  retrospectively  from  the  patients,  and  in  the  case 
of  those  who  died,  from  their  next  of  kin.  A later  published  four-year  follow- 
up of  the  survivors  showed  no  difference  between  the  active  and  sedentary 
33 

groups . 

Data  from  Postmortem  Studies.  There  have  been  three  extensive  postmortem 

studies  relating  level  of  physical  activity  prior  to  death  to  the  degree  of 

3 A —3  6 

arteriosclerosis  of  the  coronary  arteries.  These  studies  suffer  from 

the  same  inaccuracies  in  measuring  the  habitual  level  of  physical  activity  as 

do  the  epidemiological  studies.  They  agree  on  one  fundamental  point,  that 

there  is  no  major  difference  in  the  degree  of  coronary  arteriosclerosis  in 

sedentary  as  compared  to  physically  active  individuals.  However,  one  of  these 

36 

studies  shows  a decreased  amount  of  myocardial  fibrosis  in  the  more  active 
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group,  while  other  studies  * suggest  slightly  less  coronary  artery  narrow- 
ing in  the  more  active  group. 

Effect  of  Exercise  on  the  Coronary  Arteries.  One  of  the  most  frequently 

cited  benefits  of  regular  exercise  is  the  possibility  of  an  increase  in  the 

functional  capacity  of  the  collateral  coronary  arterial  circulation.  However, 

there  is  little  factual  information  relative  to  this  important  question  even 

in  the  experimental  animal.  In  one  study  in  dogs,  moderate  and  severe 

coronary  arterial  narrowing  resulted  in  extensive  development  of  the  collateral 

38 

circulation  in  proportion  to  the  degree  of  arterial  stenosis.  Exercise, 
superimposed  on  the  experimental  stenosis,  resulted  in  even  greater  increases 
in  the  extent  of  the  collateral  back  flow.  Experimental  mild  narrowing  of 
the  coronary  artery  did  not  provide  increased  collateral  back  flow  in  these 
animals  unless  exercise  was  superimposed.  Another  study,  in  rats,  showed 
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that  mild  to  moderate  exercise  increased  the  size  of  the  coronary  arterial 

39 

tree  relative  to  the  mass  of  the  heart. 

Currens  and  White  reported  the  autopsy  findings  of  Clarence 

40 

DeMar,  a famous  long  distance  runner.  His  coronary  arteries  were  much 

larger  than  normal  (two  to  three  times)  with  some  atherosclerotic  involvement. 
37 

Studies  by  Rose  have  suggested  that  the  caliber  of  the  coronary  arteries 
increases  with  the  level  of  occupational  activity.  These  reports  plus 
coronary  angiographic  studies  of  persons  with  large  hearts  due  to  hyper- 
trophic subaortic  stenosis  and  valvular  aortic  stenosis  demonstrating  unusually 
large  coronary  arteries,  have  led  to  the  conclusion  that  this  is  an  effect 
of  hypertrophy  secondary  to  exercise.  Unfortunately,  there  is  no  documented 
evidence  of  increased  size  of  coronary  arteries  or  increase  in  collateral 
circulation  as  a consistent  effect  of  physical  activity  or  conditioning  in 
man. 

Hemodynamic  Consequences  of  Exercise  Training.  It  has  been  established  that 

physical  conditioning  brings  about  a marked  change  in  the  cardiovascular 

system  and  in  the  metabolism  of  the  heart  and  peripheral  muscles.  It  has 

been  suggested  that  all  of  these  effects  are  present  in  healthy  young  subjects 

while  patients  with  coronary  artery  disease  have  the  benefit  of  only  the 

41 

peripheral  changes.  It  is  also  known  that  older  subjects  respond  to  a lesser 

42 

degree  to  a given  amount  of  physical  training.  The  following  are  well 
documented  hemodynamic  and  physiological  consequences  of  physical  condition- 
ing: 


1)  Relative  bradycardia,  increased  stroke  volume,  and  decreased  systemic 
arterial  pressure  during  rest  and  at  any  level  of  exercise 
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2)  Longer  diastolic  period  at  a given  level  of  exercise 


3)  Increased  maximal  oxygen  uptake  and  maximal  cardiac  output 

4)  Increased  maximal  physical  work  capacity,  and  increased  work  capacity 
at  any  heart  rate  level 

5)  Cardiovascular  hypokinesis  (exercise  cardiac  output  is  less  for  a 
given  oxygen  uptake) 

6)  Increased  arterial-venous  difference 

7)  Quicker  restitution  of  heart  rate  post  exercise 

8)  Lower  concentration  of  lactate  in  arterial  blood  at  any  level  of 
work 

9)  Myocardial  hypertrophy 

10)  Improved  distribution  of  pulmonary  blood  flow  with  respect  to  venti- 
lation; increased  vital  capacity  and  maximum  breathing  capacity  in  older 
subjects;  improvement  in  the  ventilation  - oxygen  uptake  relationship. 

11)  Psychological  changes  - less  depression,  better  sleeping,  improvement 
of  self-image 

12)  Improvement  in  electrocardiographic  abnormalities  occurring  during 
exercise 

13)  Increased  tolerance  to  exercise  for  persons  with  established  angina 
pectoris 
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Recent  studies  have  documented  these  effects  of  training  in  "normal"  middle 
43-45 

aged  men.  Significant  improvements  in  pulse  rate,  blood  pressure,  maxi- 

mal oxygen  uptake,  and  work  capacity  have  also  been  demonstrated  in  individ- 
uals with  prior  myocardial  infarctions  following  a period  of  exercise  train- 
46  47 

ing.  ’ In  one  such  study  approximately  80  percent  of  the  patients  showed  an 
improvement  in  their  exercise  electrocardiogram.  The  death  rates  in  the 
exercise  groups  were  less  than  the  death  rate  of  postinfarction  groups  in  the 
community.  However,  these  studies  have  not  been  controlled  and  are  biased 
by  the  possible  loss  of  those  higher  risk  patients  unable  to  enter  or  to 
remain  in  the  exercise  program.  Nevertheless,  it  has  been  shown  that  under 
proper  supervision,  exercise  training  can  be  carried  out  with  reasonable 
safety  in  selected  persons  with  coronary  heart  disease  and  with  some  assur- 
ance that  the  characteristic  hemodynamic  responses  of  the  trained  state  will 
be  exhibited.  Importantly,  the  ability  of  these  persons  to  tolerate  physi- 
cal stress  may  be  increased  and  many  will  be  able  to  return  to  a useful 
life . 

The  Effects  of  Exercise  on  Serum  Lipid  Concentrations,  Blood  Clotting  Mechan- 
isms, and  Catecholamines.  Exercise  may  decrease  pre-8-lipoproteins  and  lower 
total  serum  triglycerides  by  increasing  the  percentage  of  lean  body  weight. 

On  the  other  hand,  there  is  no  evidence  that  reasonable  levels  of  exercise 
will  significantly  lower  serum  cholesterol  on  a normal  diet.^  ^ 

Blood  coagulation  may  be  affected  acutely  by  physical  exercise  but  neither 

the  precise  effect  nor  the  mechanisms  has  been  clearly  described,  although 
there  are  several  studies  to  suggest  that  exercise  may  influence  fibrinolytic 
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In  animals,  the  catecholamine  concentration  of  the  heart  muscle  decreases  in 

response  to  exercise.  Raab  and  others  have  suggested  a favorable  influence 

on  the  neuro-humoral  sympathetic  system  with  exercise  but  there  is  little 

52 

direct  evidence  to  confirm  such  a relationship. 

Unresolved  Problems 

The  major  problem  is  whether  exercise  and  its  resulting  enhancement  of 
physical  fitness  offer  significant  protection  against  death  or  disability 
from  coronary  artery  heart  disease. 

One  of  the  important  questions  posed  by  recent  research  is  that  of  the 
relationship  between  resting  heart  rate,  the  risk  of  death  from  coronary 

53 

artery  heart  disease  and  habitual  exercise.  Berkson  et  al,  have  reported 
that  faster  resting  heart  rate  has  an  important  association  with  risk  from 
coronary  artery  heart  disease  and  that  this  risk  is  independent  of  coexisting 
disease  and  other  major  risk  factors.  Since  one  of  the  characteristic 
responses  to  regular,  vigorous  exercise  is  a slowing  of  the  resting  heart 
rate,  it  is  possible  that  resting  heart  rate  is  a more  valid  indication  of 
the  "fitness"  of  the  circulation  than  are  job  descriptions  or  questionnaire 
analyses  of  leisure  time  activities. 

It  is  evident  that  a related  unresolved  question  of  great  importance  is 
whether  the  physically  trained  state,  defined  in  terms  of  maximal  oxygen 
uptake  or  physical  working  capacity,  materially  affects  the  risk  of  coronary 
artery  heart  disease.  This  question  has  been  approached  thus  far  only  in- 
directly through  the  various  epidemiological  studies  cited  earlier.  It 
should  be  recognized  that  a clear  association  between  physical  fitness,  so 
defined,  and  job  classification,  daily  caloric  expenditure  or  leisure  time 
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activity  has  not  been  demonstrated.  Furthermore,  brief:  periods  of  intense 
exercise  may  be  more  effective  in  producing  the  circulatory  responses  of  the 
trained  athlete  than  are  more  sustained  levels  of  less  severe  exercise. 

There  is  some  evidence  that  vigorous  exercise  does  affect  the  size  of  the 
coronary  circulation  in  some  species  of  experimental  animals  and  there  is 
suggestive  evidence  that  this  is  also  true  in  man.  A major  unresolved 
question  is  whether  exercise  materially  affects  the  size  of  the  coronary 
arteries  or  the  collateral  circulation  in  man.  Direct  evidence  in  man  should 
be  sought.  However,  in  view  of  the  difficulties  in  obtaining  meaningful 
answers  to  this  question  in  man,  it  seems  logical  that  additional  evidence  be 
sought  in  other  species,  particularly  in  non-human  primates. 

In  properly  selected  and  supervised  patients  with  coronary  artery  heart 
disease,  exercise  training  will  increase  the  capacity  to  do  physical  work 
without  the  induction  of  angina  pectoris  or  the  development  of  electrocardio- 
graphic abnormalities.  There  is  also  some  evidence  that  such  training  will 
decrease  the  likelihood  of  death  in  survivors  of  acute  myocardial  infarction, 
but  these  important  possibilities  have  not  been  fully  examined.  Clearly, 
the  value  of  exercise  as  secondary  prevention  requires  elucidation. 

A major  unresolved  problem  is  determining  the  desirable  characteristics  of 
exercise  training  programs,  i.e.  severity  of  exercise,  duration,  frequency, 
differences  between  arm  or  leg  exercises,  and  end  points.  For  instance,  does 
the  development  of  resting  and  exercise  bradycardia  (relative  to  the  un- 
trained state)  imply  that  an  optimal  effect  on  the  coronary  circulation  has 
been  achieved? 
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Finally,  the  mechanisms  by  which  the  various  manifestations  of  exercise 
training  are  produced  are  decidedly  unclear.  It  is  not  known  to  what  extent 
the  characteristic  hemodynamic  responses  to  exercise  are  mediated  by  direct 
effects  on  the  heart  and  coronary  circulation,  and  to  what  extent  they  are 
the  result  of  peripheral  changes.  The  effects  and  mechanism  of  exercise 
training  on  many  electrophysiologic  properties  of  the  heart  are  not  known, 
and  therefore  its  role  in  preventing  serious  arrhythmia  at  times  of  myocardial 
ischemia  or  infarction  cannot  be  answered  with  present  knowledge. 

The  evidence  at  hand  clearly  demonstrates  significant  physiological  and 
psychological  effects  of  physical  training  that  would  intuitively  appear  to 
be  beneficial  to  persons  with  or  at  risk  of  coronary  heart  disease.  But  there 
is  no  convincing  data  to  indicate  that  exercise  will,  in  fact,  decrease 
either  the  rate  of  development  of  atherosclerosis  or  prevent  its  compli- 
cations . 

Recommendations 

1.  A secondary  prevention  trial  ofi  exercise  uutUU.zi.nQ  the  study  structure 
ofi  the  coronary  drug  study  should  receive  careful  consideration.  At  the, 
conclusion  ofi  that  study  the.  National  Heart  and  Lung  Institute,  will  have, 
available,  approximately  70  percent  o & 8,000  carefully  studied  patients  with 
coronary  artery  heart  disease.  A controlled  study  o{  exercise  mslng  the 
appropriate  numbers  ofi  subjects  and  centers  could  be  achieved  at  fractions  ofa 
the  usual  cost . 

2.  Vurther  studies  oft  hemodynamic  and  metabolic  responses  ofa  persons  with 
overt  coronary  heart  disease  In  response  to  physical  training  should  be 
supported. 
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3.  Animal  studies  to  examine  the  inhluence  o h exercise  on  the.  collateral 
vessels  oft  the  coronary  circdation  shodd  be  encouraged.  Particular 
attention  should  be  gtven  to  the  development  oh  method s oh  assessment  oh 
the  coti.ateA.al  circulation  that  could  be  applied  to  man. 

4.  The  Influence  oh  various  types  and  duration  oh  exercise  on  blood 
dotting  mechanisms  shodd  be  investigated. 

5.  The  role  o h exercise  on  the  complex  interactions  between  caloAic  balance, 
obesity,  emotional  stress,  serum  lipid,  and  carbohydrate  metabolism  warrants 
hurther  investigation. 

6.  The  ejects  oft  exeAcise  on  the  dectrophysiological  properties  o h the 
heart  should  be  defined.  Particular  attention  should  be  paid  to  its  possible 
protective  e^ect  against  serious  ventricular  arrhythmias  under  circumstances 
o h myocardial  ischemia. 

1 . At  this  time,  the  known  ^acts  do  not  support  a major  national  eh  fart 
aimed  at  increasing  the  levd  oh  physical  activity  h°r  the  purpose  oh  pre- 
venting or  modlhying  coronary  heart  disease.  Therefare,  any  advice  given 
to  the  public  at  this  time  must  be  tentative.  Exercise  can  be  recommended 
to  increase  stamina,  promote  a sense  oh  well  being,  old  in  muscular  develop- 
ment, and  in  general,  increase  [in  persons  so  disposed ) the  quality  Oh 
lihc.  But  it  should  not  be  promoted  as  an  established  measure  to  prevent 
coronary  atherosderosis  or  its  complications . 

S.  A dear  statement  should  be  issued  as  to  the  desirability  oh  proper  medl- 
cd  examination  oh  middle-aged  and  dderly  persons  planning  to  partidpate 
in  vigorous  physical  activity.  This  examination  shodd  include  observation 
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ol  the  individual  while.  unden.  the  Ataeti  ofa  musculaa  exencii>e,  utilizing  the 
electnocaadiogaam  cu>  well  cu>  physical  examination.  The  statement  should 
include  advice  relative  to  the  chan.actenM>tiei>  o&  the  training  pnognam  that 
ate  nece6Aany  to  insane  tt  tafiety  ion  olden,  pemom. 
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G.  GENETIC  ASPECTS 


Current  State  of  Knowledge 

It  is  generally  agreed  that  a hereditary  component  is  important  in  the 
etiology  of  arteriosclerosis,  but  there  is  little  solid  information  avail- 
able as  to  the  exact  nature  of  the  genetic  mechanisms  involved.^"  In  the 
case  of  coronary  atherosclerosis  the  evidence  that  genetic  factors  contri- 
bute to  its  pathogenesis  is  based  on  observations  derived  from  three 

sources:  familial  aggregation  studies,  twin  studies,  and  analysis  of  risk 

\ 

factors . 

Familial  Aggregation  Studies.  The  most  recent  and  complete  familial  aggre- 

2 

gation  study  on  coronary  artery  disease  was  carried  out  in  London.  All 

first  degree  relatives  of  200  coronary  artery  disease  index  cases,  both  male 

and  female, were  studied.  It  was  found  that  the  young  relatives  (males  under 

age  55;  females  under  age  65)  of  young  female  index  cases  (under  age  65) 

had  a seven-fold  increased  risk  of  death  from  coronary  occlusion  compared 

to  the  general  population.  The  risk  of  coronary  death  among  the  relatives 

(both  young  and  old)  of  old  (males  age  55  and  above;  females  age  65  and 

above)  index  myocardial  infarction  patients  was  approximately  doubled. 

3,4 

These  data,  together  with  earlier  studies  from  this  country  firmly 
establish  the  familial  aggregation  of  coronary  disease  and  provide  the  basis 
for  our  suspecting  that  genetic  factors  may  be  important.  Since  familial 
aggregation  of  a trait  can  be  produced  by  environmental  factors  as  well  as 
genetic  factors,  these  studies  per  se  do  not  unequivocally  prove  the  genetic 
basis  of  coronary  artery  cfisease. 


124 


Twin  Studies.  One  of  the  best  methods  for  quantitating  the  role  of  genetic 


factors  in  a common  disease  like  coronary  artery  disease  is  the  twin  method. 
What  the  twin  method  does  is  to  compare  the  rate  of  similarity  or  concordance 
of  monozygotic  twins  (genetically  identical)  with  that  of  dizygotic  twins 
(genetically  no  more  alike  than  any  two  sibs) . If  genetic  factors  contri- 
bute significantly  to  the  disease  in  question,  the  concordance  rate  for 
identical  twins  should  be  higher  than  that  for  nonidentical  twins.  In  the 
case  of  coronary  artery  disease,  early  studies  from  the  Danish  Twin  registry, 
which  contains  complete  medical  information  on  all  twin  pairs  born  in 
Denmark  in  the  period  between  1870  and  1910,  do  not  indicate  a significantly 
higher  concordance  rate  for  myocardial  infarction  in  monozygotic  twins  than 
in  dizygotic  twins  of  both  sexes.  On  the  other  hand  a significantly  higher 
concordance  rate  in  monozygotic  than  in  dizygotic  pairs  was  demonstrated 
both  for  hypertension  and  stroke  in  this  group  of  individuals. 

Analysis  of  Risk  Factors.  An  examination  of  the  risk  factors  for  coronary 
atherosclerosis  (hypercholesterolemia,  hypertriglyceridemia,  diabetes 
mellitus,  hypertension,  obesity,  personality  type,  etc)  indicates  that 
each  of  these  factors  individually  is  the  result  of  the  interaction  of 
many  genes  and  many  environmental  factors.  This  suggests  that  in  most 
forms  of  coronary  atherosclerosis,  like  in  other  common  familial  diseases, 
the  etiology  is  multifactorial  with  a strong  polygenic  component.  The 
biochemical  identification  and  elucidation  of  the  regulation  of  the 
expression  of  each  of  the  many  genes  contributing  to  the  atherosclerotic 
process,  although  admittedly  an  awesome  task,  remains  the  ultimate  goal 
in  the  study  of  the  genetics  of  this  disorder. 
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Of  the  above  mentioned  risk  factors,  a genetic  influence  has  been  best 
established  for  diabetes,  hypertension,  and  some  cases  of  hypercholes- 
terolemia. 

Manifestations  of  atherosclerosis  occur  with  greater  frequency  among 
diabetics  than  non-diabetics.  The  severity  of  the  atherosclerosis  is 
greater,  the  mortality  rate  higher,  and  there  is  an  increased  incidence  of 
premature  myocardial  infarction  among  diabetics.  Furthermore,  indiv- 
iduals with  asymptomatic  hyperglycemia  exhibit  an  increased  incidence  of 
coronary,  cerebral,  and  peripheral  atherosclerosis  when  compared  with 
those  with  normal  carbohydrate  metabolism. 

4 

Familial  influence  on  blood  pressure  has  been  demonstrated.  The  blood 
pressure  of  an  individual  is  reflected  in  his  first  order  relatives  and 
this  familial  influence  is  measurable  in  children  between  2 and  14  years 
of  age. 

The  available  evidence  to  date  suggests  that  the  familial  hyperlipoprotein- 
emias may  be  the  most  common  single  gene-determined  causes  of  atherosclero- 
sis, especially  in  young  adults.  Of  the  three  phenotypic  forms  of 

£ 

hyperlipoproteinemia  that  predispose  to  the  development  of  coronary  artery 
disease  (type  II  or  hyper-B-lipoproteinemia;  type  III  or  broad  B disease; 
and  type  IV  or  endogenous  hypertriglyceridemia) , familial  type  II  is  the 
only  one  that  has  been  conclusively  shown  to  be  inherited  in  a simple 
Mendelian  pattern  and  is  presently  the  only  well-documented  monogenic  cause 
of  coronary  atherosclerosis. 


126 


Unresolved  Problems 


It  is  not  known  to  what  extent  any  genetic  influence 

that  does  exist  in  atherosclerosis  is  due  to  differences  in  the  metabolism 
of  lipoproteins  or  carbohydrates,  to  structural  differences  in  arteries,  to 
predisposition  to  hypertension,  or  to  other  factors.  To  demonstrate  that 
certain  types  of  atherosclerosis  are  hereditary,  it  will  be  necessary  to 
show  that  their  occurrence  conforms  to  some  Mendelian  pattern  of  inheritance. 

Since  most  common  diseases  with  a polygenic  causation  like  atherosclerosis 
are  genetically  heterogeneous  in  etiology,  it  is  not  surprising  to  find 
several  forms  of  the  disorder  for  which  a single  mutant  gene  is  largely 
responsible.  The  importance  of  identifying  each  of  the  forms  of  athero- 
sclerosis that  is  determined  by  a single  mutant  gene  is  that  the  inheritance 
pattern  in  such  cases  is  clear-cut  and  the  predominant  cause  of  the 
atherosclerosis  is  likely  the  result  of  a single  and  a specific  biochemical 
lesion.  An  understanding  of  the  pathophysiology  of  each  of  the  specific 
biochemical  derangements  occurring  in  such  monogenic  forms  of  atherosclero- 
sis will  undoubtedly  provide  the  putative  information  necessary  for  formu- 
lating a more  rational  approach  to  the  biochemical  and  genetic  investi- 
gations of  the  more  complex  and  more  common  forms  of  atherosclerosis  which 
are  polygenically  determined.  Future  research  on  the  genetics  of  coronary 
atherosclerosis  should  be  aimed  at  identifying  and  characterizing  each  of 
the  monogenic  forms  of  atherosclerosis. 

Although  the  familial  nature  of  the  type  III  and  type  XV  forms  of  hyper- 
lipoproteinemia has  been  clearly  documented  and  the  data  are  partially 
suggestive  of  Mendelian  inheritance,  there  is  as  yet  insufficient  infor- 
mation to  define  the  precise  mode  of  inheritance. 
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In  order  to  investigate  the  genetic  relationship  between  these  hyperlipi- 
emic  states  and  coronary  atherosclerosis,  detailed  family  and  genetic 
studies  including  spouses  as  well  as  first,  second  and  third  degree 
relatives  are  needed. 

The  importance  of  and  need  for  good  genetic  studies  on  the  hyperlipidemic 
disorders  predisposing  to  coronary  artery  disease  cannot  be  overemphasized. 
Accurate  assessment  of  therapeutic  regimens,  genetic  counseling  of  families, 
and  determinations  of  predisposition  to  coronary  artery  disease  must 
ultimately  be  related  to  specific  genetic  disorders. 

Age  and  environmental  factors  make  it  extremely  difficult  to  establish  the 
genetic  component  of  atherosclerosis  in  man  whereas,  in  an  experimental 
model,  these  factors  can  be  controlled.  Recent  evidence  has  been  presented 
that  squirrel  monkeys  have  a striking  individuality  in  their  response  to 
an  atherogenic  diet.  Some  monkeys  fed  an  atherogenic  diet  show  slight 
increases  in  serum  cholesterol  concentrations,  while  others  attain 
exceedingly  high  concentrations.  In  further  studies,  age  and  environmental 
influences  were  minimized  by  using  progeny  born  in  the  same  breeding  season, 
all  of  whom  consumed  a single  diet  under  identical  conditions  of  housing. 

The  investigators  were  able  to  arrive  at  an  estimate  of  hereditability  that 
they  believed  was  of  the  order  of  90  percent  in  these  animals.  It  is  not  known 
at  this  time  whether  or  not  hypo-  and  hyper-responders  exist  in  humans. 

Recommendation* 

1.  Population  genetic  Atactic*  should,  be  designed  and  undertaken  -in  on.deA 
to  anAtoen.  the.  fallowing  b-toad  question*  concerning  the  genetic  a*pect*  ofi 
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hyperlipoproteinemia  Zn  relation-to  coronary  atheroAcleroAiA : How  often  Za 

ft milial  coronary  arlerloAcZeroAiA  attrZbutabZe  to  familial  hyperlipopro- 
teinemia; u)hal  Za  the  relative  frequency  of  genetic  hyperlipoproteinemia 
tn  an  unA  elected  population  with  coronary  arterloAcleroAi 6;  among  the 
genetic.  forrnA  o f hyperlipoproteinemia  tn  thiA  group . what  proposition  Za 
due  to  a AingZe  mutant  gene,  what  proportion  to  a poZygentc  causation,  and 
what  proportion  to  nongenetlc  factorr;  to  what  extent  doeA  monogenic 
hyperZtptdmta  correlate  with  monogenic  arterioA  cZeroAiA ; how  are  the  i>ZngZe 
gene- determined  f ormA  o f hyperZtpoproteZnemZa  Zn  an  unAeZected  population 
wZth  coronary  other  o a cleroAiA  dtAtrZbuted  between  the  variouA  typeA  o f 
hyperlipoproteinemia;  doeA  the  metaboZlim  of  ZZpZdA  and  ZZpoproteZnA  Zn 
pattentA  with  monogenic  hyperZZpZdmZa  differ  from  thoAe  with  poZy genic 
hyperllpZdemZa;  and  can  improved  methods  of  claAAificatlon  of  hyperlipo- 
proteinemia be  developed  from  t>uch  AtudleA? 

2.  For  each  of  the  hyperlZpZdemZc  AtateA  found  to  be  inherited  Zn  a 
AimpZe  MendelZan  pattern  and  correlated  with  the  development  of  coronary 
atheroA  cleroAiA , the  f oZZowing  AtudleA  are  greatly  needed:  MAeAAment  of 
the  population  frequency  of  the  mutant  gene;  genetic  analyAiA  including 
determination  of  penetrance,  a ex  ratioA , bioZogic  fitneAA,  Aegregation 
ratioA  at  each  decade  of  life,  and  variability  Zn  expreAAion  o f the  mutant 
gene;  attemptA  to  dlAcover  genetic  linkage  relationAhZpA  between  the 
mutant  gene  and  recognized  protein  genetic  markerA  by  carrying  out  formal 
ZZnkage  AtudZeA  on  weZZ-choAen  pedlgreeA;  ZnveAtlgationA  at  the  cellular 
Zevel  to  identify  the  primary  biochemical  defect;  and  eAtabZiAhment  Zn 
tiAAue  culture  of  hyperlZpZdemZc  cell  ZlneA  Zn  order  that  biochemical 
i markerA  can  be  identified  and  cell  genetic  AtudleA  eventually  carried  out 
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on  thoAe  disorders  dud  to  a.  Aingle  mutant  gene. 


3.  Continued  Atudy  o l the,  genetics  oft  hypercoagulable  A totes  including 
thrombus  formation , platelet  function,  and  fiibrinolyAis  should  be  Aupported. 

4.  Support  on  investigation  ofi  the  genetic  aspects  ofi  atheroAcleroAis , 
utilizing  Au.b-hu.man  primates,  Ahould  receive  high  priority. 

5.  An  investigative  program  Ahould  be  initiated  to  determine  whether  on 

not  genetic  differences  in  response  to  cholesterol  ingestion  exist  in  humans. 


6.  The  role  of  familial  and  genetic  f actons  in  the  development  of  hyper- 
tension Ahould  be  investigated  and  it  would  be  important  to  carry  out  Auch 
Atudies  in  children.  These  investigations  Ahould  evaluate  familial  aggrega- 
tion and  attempt  to  Aepanate  genetic  from  environmental  factors. 
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H . PSYCHOSOCIAL  FACTORS 


Current  State  of  Knowledge 

Although  the  known  risk  factors  are  of  considerable  importance  in  predicting 
the  occurrence  of  manifestations  of  arteriosclerosis,  an  appreciable  number 
of  patients  with  arteriosclerotic  disease  exhibit  none  of  these  factors. 
Conversely,  many  persons  found  to  have  a given  risk  factor  do  not  experience 
overt  arteriosclerotic  disease  in  the  five  or  ten-year  period  after  discovery 
of  the  risk  factor.^  These  facts  have  encouraged  a continuing  search  for 
other  variables  which  may  improve  the  ability  of  the  epidemiologist  and 
clinician  to  identify  those  persons  at  highest  risk  of  developing  athero- 
sclerosis. Psychological,  social,  and  behavioral  conditions  are  receiving 
increasing  attention  as  pointers  to  the  kinds  of  people  or  situations  in 
which  a high  prevalence  of  atherosclerosis  and  its  complications  may  be 
found.  Furthermore,  failure  of  adherence  to  prescribed  regimens  is  a major 
limiting  factor  in  programs  directed  toward  risk  factor  control  and  early 
treatment  of  the  complications  of  arteriosclerosis.  Determination  of  the 
psychosocial  basis  of  such  behavior  is  very  necessary  to  greater  success 
in  these  programs. 

Psychosocial  and  behavioral  factors  may  be  considered  to.  exert  their  impact 
on  coronary  disease  risk  through  three  major  avenues:  1)  through  elevating 

other  commonly  accepted  risk  factors;  2)  through  an  independent  pathological 
effect  mediated  by  neuro-physiological  mechanisms  as  yet  unspecified;  and 
3)  through  affecting  the  coronary  patient's  acceptance  of  medical  care. 

Psychosocial  influence  on  risk  factors.  Several  coronary  risk  factors  are 
manifestly  behavioral  in  nature  and  thus  could  most  effectively  be  studied 
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through  the  disciplines  of  the  behavioral  sciences.  Cigarette  smoking  is 
a habit  learned  in  a social  context.  Cigarette  smoking  has  certain  rein- 
forcing properties  which  tend  to  increase  its  frequency  of  occurrence  and 
its  resistance  to  extinction.  Recent  field  studies  have  shown  that  beha- 
vior modification  techniques  (based  on  the  principles  of  operant  condition- 

2 

ing)  are  often  successful  in  bringing  this  habit  to  a halt.  Over-eating 
is  the  behavioral  basis  for  most  obesity,  another  coronary  risk  factor. 

Food  selection  patterns  are  associated  with  culture  and  social  class.  Eat- 
ing behavior  has  deep  psychological  roots  which  have  been  the  subject  of 

3 

considerable  psychiatric  study.  Regular  physical  exercise  may  be  protective 
against  atherosclerosis.  This  too  is  an  overt  behavior,  but  its  psychosocial 
antecedents  have  not  as  yet  been  adequately  studied.  Increased  knowledge 
regarding  all  three  of  the  above  problems  would  have  great  potential  value 
for  increasing  the  effectiveness  of  coronary  prevention  programs. 

Two  other  major  coronary  risk  factors  are  most  appropriately  considered 
physiological  in  nature;  nevertheless,  they  are  influenced  by  psychosocial 
variables.  It  is  an  established  clinical  observation  that  blood  pressure 
increases  under  conditions  of  anxiety  or  anger.  A large  number  of  experi- 
mental studies  have  shown  the  influence  of  external  events  and  internal 

4 

emotions  on  blood  pressure  reaction.  Most  of  these  studies  have  demon- 
strated rises  in  blood  pressure  lasting  only  for  brief  periods  of  time,  and 
it  has  not  been  adequately  documented  whether  the  same  kinds  of  circumstances 
can  lead  to  prolonged  elevations  of  pressure  which  would  contribute  to 
coronary  disease  risk.  A variety  of  evidence  now  suggests  that  personality 
and  emotion  are  among  the  several  categories  of  factors  that  influence  serum 
lipids."*  The  emerging  generalization  is  that  either  excessive  excitation 
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or  strong  suppression  of  impulses  can  lead  to  elevated  serum  cholesterol. 

There  is  some  suggestion  that  the  very  low  density  lipoproteins  may  be  more 
subject  to  emotional  influence,  but  studies  have  been  too  few  to  establish 
a consensus.  The  evidence  for  cholesterol,  however,  is  sufficient  to  warrant 
further  intensive  study. 

Psychosocial  factors  as  independent  precursors  of  coronary  disease.  Certain 
psychological,  sociological,  and  overt  behavioral  factors  have  been  shown 
in  repeated  studies  to  be  associated  with  an  elevated  risk  of  developing 
coronary  disease  independent  of  any  association  with  standard  biological 
risk  factors.  At  this  point  in  time,  it  is  not  known  through  which  neuro- 
logical or  physiological  mechanisms  these  psychosocial  factors  might  operate. 
They  appear  to  be  involved  at  different  times  in  the  natural  history  of  the 
development  of  coronary  disease.  In  terms  of  this  time  frame,  we  can  cate- 
gorize these  psychosocial  variables  as  predispositions,  precipitants , and 
reaction  styles. 

Predispositions . Epidemiologic  studies  have  shown  that  persons  who  undergo 
a major  change  in  their  cultural  environment  have  increased  risk  of  coronary 
disease.  These  changes,  termed  social  mobility,  include  moving  to  a new 
nation,  from  a farm  to  the  city,  changing  one's  career  or  one's  social  status. 
A related  group  having  increased  coronary  risk  are  those  persons  experiencing 

g 

status  incongruity.  By  this  is  meant  the  situation  where  different  social 
characteristics  of  a person  simultaneously  place  him  at  different  levels  of 
the  social  hierarchy.  Social  scientists  hypothesize  that  both  social 
mobility  and  status  incongruity  are  likely  to  increase  feelings  of  personal 
insecurity  and  hence  produce  "stress."  The  association  of  social  status. 
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peA  with  coronary  risk  appears  to  be  different  in  industrialized  coun- 
tries as  compared  to  developing  countries. 


A particular  pattern  of  overt  behavior  has  been  shown  to  predispose  its 
possessors  to  increased  risk  of  coronary  disease.  This  "coronary  prone  be- 
havior pattern"  has  been  defined  by  Friedman  and  Rosenman  to  include  extremes 
of  competitiveness,  aggressiveness,  haste,  impatience,  and  restlessness. 

Such  persons  are  under  the  pressure  of  time  and  the  challenge  of  responsi- 

9 

bility  to  a far  greater  extent  than  average.  Rosenman  and  colleagues  have 
undertaken  prospective  epidemiologic  studies  which  have  confirmed  their  hypo- 
thesis.^ in  addition,  other  researchers  have  corroborated  these  findings 

11  12 

in  cross-sectional  studies.  ’ Also,  workers  in  several  countries  have 
used  independent  methods  to  study  aspects  of  this  coronary  prone  pattern, 
such  as  deep  involvement  in  job,  exaggeration  of  the  "success  ethic,"  in- 
ability to  relax,  and  high  levels  of  drive.  They  found  these  behavior  traits 

13  14 

to  be  more  common  in  coronary  patients  than  in  various  control  groups.  ’ 
Studies  using  self-administered , computer-scored  questionnaires  have  now 
confirmed  these  findings.'*’^ 


Precipitants . In  this  category  are  included  those  life  events  and  feelings 
about  them  which  are  reported  to  be  particularly  frequent  in  time  periods 
immediately  before  the  clinical  emergence  of  coronary  disease.  Some  workers 
lump  all  these  phenomena  under  the  general  term  "stress"  but  others  assert 
that  scientific  understanding  can  be  increased  only  if  precise  definitions 
of  the  phenomena  are  retained  instead  of  the  "catch  all"  concept  of  stress. 
Several  studies  report  that  coronary  events  have  often  been  preceded  by  some 
type  of  severe  personal  loss,  such  as  death  of  a loved  one,  loss  of  a job, 
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financial  reversal,  or  loss  of  self-esteem  such  as  occasioned  by  the  breakup 

X6 

of  a love  relationship.-  Other  workers  implicate  work  overload,  including 

long  hours  of  overtime  work  or  increasing  burdens  of  job  responsibility,  as 

17  18 

temporal  antecedents  to  the  emergence  of  coronary  disease.  ’ A period  of 


depression  and  fatigue — a worn-out  feeling — often  precedes  clinical  coronary 

a-  19 

disease . 


Life  dissatisfactions  are  typically  more  frequent  in  coronary  patients  than 
in  various  control  groups.  Most,  but  not  all,  of  the  studies  of  this  con- 
dition have  been  retrospective.  Dissatisfactions  with  working  conditions, 

family  life,  and  love  relationships  are  the  most  frequently  mentioned  specific 

20  21 

instances  of  life  dissatisfactions  among  coronary  patients.  ’ It  has 
not  been  well-established  whether  this  willingness  to  complain  about  the  life 
situation  is  a life  pattern  of  long  standing  or  whether  it  becomes  exacer- 
bated prodromal  to  the  clinical  event. 

Reaction  Styles.  Some  researchers  have  not  focused  on  basic  personality 
traits,  nor  upon  the  personal  and  social  events  which  supervene,  but  rather 
on  the  personal  style  of  the  psychological  reactions  which  occur  when  the 
trait-bearing  person  is  confronted  by  the  challenging  event.  In  this  cate- 
gory of  reaction  style  are  included:  emotional  response',  ego  defenses,  and 

coping  style.  A low  threshold  to  anxiety  and  complaining  has  been  reported 

as  typical  of  the  coronary  patient,  particularly  the  one  about  to  develop 
22 

angina  pectoris.  Numerous  studies  using  clinical  judgments  or  psycho- 
logical tests  have  shown  high  levels  of  anxiety  and  neuroticism  in  coronary 
patients.  A few  of  the  studies  have  had  the  advantage  of  being  prospective. 

In  terms  of  ego  defense,  the  literature  most  often  implicates  denial  and 
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compulsive  defenses  as  being  particularly  favored  by  coronary  patients. 

These  defenses  tend  to  be  used  excessively  and  inappropriately,  particularly 
in  response  to  hostile  impulses.  Many  patients  with  myocardial  infarction 
also  try  to  deny  the  fact  of  their  own  illness.  This  is  associated  with 
delay  in  responding  to  initial  symptoms  as  well  as  studied  casualness  in 
adhering  to  medical  regimen  later  on. 

Some  persons  deal  with  troubling  situations  by  means  of  overt  behavior. 

In  this  way  they  can  bypass  both  unpleasant  emotions  and  the  less  adaptive 

ego  defenses.  The  so-called  "work  addict"  and  the  high  achiever  who  strives 

blindly  and  continuously  for  higher  achievements  may  be  using  these  behaviors 

16 

as  a way  of  coping  with  feelings  of  unworthiness  or  insecurity. 

Considerable  progress  has  been  made  in  the  last  decade  in  specifying  those 

particular  sociological,  psychological,  and  overt  behavioral  variables  which 

are  associated  with  various  temporal  phases  in  the  natural  history  of  coronary 

23 

disease.  This  work  has  recently  been  the  subject  of  a comprehensive  review. 


Psychosocial  factors  influencing  use  of  medical  care.  Medical  sociologists 

have  considered  that  sub-cultural  differences  (within  the  total  United  States 

society)  influence  how  physical  symptoms  will  be  experienced  and  defined, 

24 

and  these  relate  to  the  seeking  of  medical  care.  There  are  also  differences 

between  the  sexes  in  readiness  to  consider  a physical  discomfort  as  a sign  of 

sickness.  In  addition  to  the  social  determinants,  personality  factors  seem  to 

be  influential  in  delaying  the  seeking  of  medical  aid  in  some  men  later 

25 

admitted  to  coronary  care  units.  In  view  of  the  importance  of  medical 
intervention  at  the  initial  stages  of  cardiac  aberrations,  it  is  important 


137 


to  discover  and  seek  to  eliminate  the  causes  of  these  postponements  in 
obtaining  medical  care.  Progress  in  the  area  could  have  a significant 
impact  on  the  mortality  rate  from  initial  myocardial  infarction. 

A related  issue  already  alluded  to  above  is  the  influence  of  psychosocial 
factors  on  compliance  with  medical  advice.  On  the  one  hand  are  the  coronary 
patients  who  are  sufficiently  gripped  by  denial,  rationalization,  and  refusal 
to  accept  the  sick  role  during  their  convalescence  that  they  fail  to  observe 
recommended  diets,  to  cease  smoking  cigarettes,  or  to  take  medication  in  the 
absence  of  pain.  On  the  other  hand,  there  are  those  patients  who  embrace 
the  sick  role  so  strongly  that  they  are  reluctant  to  comply  with  the 
physician's  instructions  to  begin  modest  exercise  and  to  resume  their  usual 
social  responsibilities.  These  persons  have,  in  fact,  become  "cardiac 
cripples."  In  both  these  kinds  of  situations,  psychological  forces  detract 
from  the  patient's  chance  of  making  a normal  recovery.  These  issues  have 
not  been  adequately  studied  by  behavioral  scientists  as  yet. 

Unresolved  Problems 

Many  unresolved  problems  in  this  area  of  research  cannot  be  catalogued 
adequately  here.  Three  major  foci  of  such  problems  should  be  listed,  however. 
They  are  the  issues  of  conceptualization,  measurement,  and  attitudes  of  other 
scientists . 

Social  and  behavioral  scientists  studying  chronic  diseases  have  not  approached 
their  work  with  a common  set  of  concepts.  Definitions  of  terms  differ  from 
one  research  group  to  another.  The  occasional  use  of  common  vernacular 
(e.g.  neuroticism)  conceals  both  from  the  lay  public  and  natural  scientists 
the  fact  that  in  the  better  behavioral  studies  these  terms  have  a well-speci- 
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fled  technical  meaning  and  are  not  used  in  their  "everyday"  sense.  The 
problem  of  developing  a common  conceptual  framework  which  will  integrate 
both  sociological  and  psychological  concepts  has  not  yet  been  adequately 
resolved.  It  could  be  that  the  studies  of  coronary  disease  done  by  socio- 
logists are  really  quite  supportive  of  those  done  by  psychologists  if  it 
turns  out  that  these  two  sciences  are  talking  about  related  phenomena  but  at 
different  levels  of  abstraction.  These  questions  can  only  be  resolved  by 
interdisciplinary  study  based  on  an  integrated  conceptual  framework.  Another 
problem  is  the  tendency  for  non-behavioral  scientists  to  attempt  to  reduce 
the  wide  array  of  findings  reviewed  above  to  some  single  notion  such  as 
"stress."  This  oversimplification  conceals  what  progress  has  been  made  towards 
specifying  and  operationalizing  variables  in  the  behavioral  area.  It  also 
tends  to  conceal  those  relevant  findings  which  fall  outside  the  boundaries 
of  "stress." 

The  second  unresolved  problem  is  that  of  reliable  and  valid  measurement  of 
those  social,  psychological  and  behavioral  variables  which  have  been  found 
associated  with  atherosclerotic  diseases.  The  fields  of  sociology  and 
psychometrics  have  made  considerable  progress  in  the  past  forty  years  in 
developing  measurement  methodologies.  This  available  knowledge  has  seldom 
been  utilized  in  studies  of  coronary  disease.  This  shortcoming  is  related 
in  part  to  the  failure  of  principal  investigators  of  cardiovascular  studies 
to  obtain  adequate  consultation  from  appropriate  professionals  in  these  areas. 
For  many  of  the  psychosocial  variables  which  are  relevant  to  cardiovascular 
disease  in  the  light  of  present  knowledge,  reliable  and  valid  data  gathering 
techniques  have  already  been  developed  by  the  respective  behavioral  sciences. 

It  is  to  be  hoped  that  future  cardiovascular  studies  will  achieve  a greater 
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consensus  in  using  the  best  of  these  measures.  New  measures  will  need  to 
be  constructed  for  those  variables  for  which  no  adequate  measures  now  exist. 
It  will  take  considerable  work  to  develop  these,  but  the  methods  for  such 
development  are  available. 

A third  problem  area  still  unresolved  relates  to  the  understanding  and 
acceptance  of  behavioral  sciences  by  biological  scientists  and  clinicians. 
Everybody  is  behaving  all  the  time,  and  hence  almost  everyone  perceives 
himself  as  an  expert  on  human  behavior.  Because  the  pronouncements  of  self- 
styled  experts  on  behavior  are  so  often  wrong,  natural  scientists  often  feel 
that  this  is  an  area  where  no  science  can  exist.  This  is,  of  course,  false. 
The  behavioral  sciences  have  well-developed  bodies  of  knowledge  and  carefully 
constructed  technologies.  An  opposite  view  is  equally  troubling,  namely 
that  the  behavioral  sciences  can  fathom  all  the  vagaries  of  human  behavior 
and  come  up  with  plans  to  remedy  them.  This  uncritical  optimism  is  also 
unjustified.  A more  constructive  outlook  would  be  somewhere  between  these 
two  extremes.  It  would  recognize  that  the  empirical,  quantitative  study  of 
human  behavior  is  beyond  its  infancy  as  a science,  but  still  far  from 
maturity.  Placing  the  social  and  behavioral  sciences  in  the  proper  perspec- 
tive will  resolve  some  of  the  problems  now  hindering  adequate  incorporation 
of  this  body  of  knowledge  into  the  struggle  against  cardiovascular  disease. 

Recj ommendatlons 

7.  Research  should  be  encouraged  which  Mould  have  as  Its  objective  the 
standardization  of  the  definition  of  key  psychosocial  concepts  which  have 
been  found  associated  with  cardiovascular  diseases.  This  research  should, 

If  possible,  also  seek  to  develop  conceptual  frameworks  which  will  link  and 
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Interdlgltate  relevant  concepts  firom  the  fields  ofi  sociology  and  psychology . 


2.  Given  this  conceptual  development,  research  should  be  encouraged  which 
will  develop  standard  data  gathering  techniques  which  will  measure  the 
above  concepts  In  a manner  which  Is  at  once  reliable,  valid,  and  convenient. 

3.  Once  this  progress  has  been  made  In  conceptualization  and  measurement, 

l leld  studies  o{>  cardiovascular  diseases  should  be  encouraged  to  Incorporate 
a wide  variety  oft  these  psychological  and  sociological  measures  along  with 
physiological  and  clinical  variables  to  test  or  Interrelations  among  the 
various  domains  ofi  variables  and  to  seek  to  confirm  which  o these  psycho- 
social variables  are  Indeed  caught  up  In  the  etiology  o ^ atherosclerosis  and 
Its  clinical  sequelae. 

4.  The  psychosocial  basis  ofa  adherence  or  nonadherence  to  prescribed  regi- 
mens should  be  studied  since  adherence  will,  In  the  long  run,  be  the  limiting 
factor  In  the  long-term  prevention  otf  atherosclerosis . 


References 


1.  Gordon  T,  Verter  J:  Serum  cholesterol,  systolic  blood  pressure  and 

Framingham  relative  weight  as  discriminators  of  cardiovascular  disease. 
The  Framingham  Study:  An  Epidemiological  Investigation  of  Cardiovas- 
cular Disease.  Edited  by  WB  Kannel,  T Gordon.  US  Dept  of  Health, 
Education,  and  Welfare,  Public  Health  Service,  National  Institutes  of 
Health,  Section  23.  Washington  DC,  Government  Printing  Office. 

2.  Bernstein  DA:  Modification  of  smoking  behavior:  An  evaluative  review. 

Psychol  Bull  71:418-440,  1969 

3.  Dwyer  JT,  Feldman  JJ,  Mayer  J:  The  social  psychology  of  dieting. 

J Health  Soc  Behav  11:269-287,  1970 

4.  McGinn  NF,  Harburg  E,  Julius  S,  et  al:  Psychological  correlates  of 

blood  pressure.  Psychol  Bull  61:209-219,  1964 


141 


5. 


Jenkins  CD,  Haines  CG,  Zyzanski  SJ,  et  al:  Psychological  traits  and  serum 

lipids:  I.  Findings  from  the  California  Psychological  Inventory. 

Psychosom  Med  31:115-128,  1969 

6.  Harlan  WR,  Oberman  A,  Mitchell  RE,  et  al : Constitutional  and  environ- 

mental factors  related  to  serum  lipid  and  lipoprotein  levels.  Ann 
Intern  Med  66:540-555,  1967 

7.  Syme  SL,  Borhani  NO,  Buechley  RW:  Cultural  mobility  and  coronary  heart 

disease  in  an  urban  area.  Amer  J Epidem  82:334-346,  1965 

8.  Shekelle  RB,  Ostfeld  AM,  Paul  0:  Social  status  and  incidence  of  coronary 

heart  disease.  J Chronic  Dis  22:381-394,  1969 

9.  Friedman  M,  Rosenman  RH:  Association  of  specific  overt  behavior  pattern 

with  blood  and  cardiovascular  findings:  Blood  cholesterol  level,  blood 

clotting  time,  incidence  of  arcus  senilis,  and  clinical  coronary  artery 
disease.  JAMA  169:1286-1296,  1959 

10.  Rosenman  RH , Friedman  M,  Straus  R,  et  al:  Coronary  heart  disease  in  the 

Western  Collaborative  Group  Study:  A follow-up  experience  of  4-1/2 

years.  J Chronic  Dis  23:173-190,  1970 

11.  Keith  RA,  Lown  B,  Stare  FJ : Coronary  heart  disease  and  behavior  patterns: 

An  examination  of  method.  Psychosom  Med  27:424-434,  1965 

12.  Caffrey  B:  Behavior  patterns  and  personality  characteristics  related  to 

prevalence  rates  of  coronary  heart  disease  in  American  monks.  J Chronic 
Dis  22:93-103,  1969 

13.  Van  der  Valk  JM,  Groen  JJ:  Personality  structure  and  conflict  situations 

in  patients  with  myocardial  infarction.  J Psychosom  Res  11:41-46,  1967 

14.  Lovell  RRH,  Verghese  A:  Personality  traits  associated  with  different 

chest  pains  after  myocardial  infarction.  Brit  Med  J 3:327-330,  1967 

15.  Jenkins  CD,  Zyzanski  SJ,  Rosenman  RH:  Progress  toward  validation  of  a 

computer-scored  test  for  the  type  A coronary-prone  behavior  pattern. 
Psychosom  Med  33:193-202,  1971 

16.  van  Heijningen  HK,  Treurniet  N:  Psychodynamic  factors  in  acute  myocardial 

infarction.  Int  J Psychoanal  47:370-374,  1966 

17.  Sales  SM:  Organizational  role  as  a risk  factor  in  coronary  disease. 

Adm  Sci  Quart  14:325-336,  1969 

18.  Russek  HI:  Stress,  tobacco,  and  coronary  disease  in  North  American 

Professional  Groups:  Survey  of  12,000  men  in  14  occupational  groups. 

JAMA  192:189-194,  1965 

19*  Bruhn  JG,  McCrady  KE,  du  Plessis  A:  Evidence  of  "emotional  drain" 

preceding  death  from  myocardial  infarction.  Psychiat  Dig  29:34-40,  1968 


142 


20.  Liljefors  I,  Rahe  RH:  An  identical  twin  study  of  psychosocial  factors 

in  coronary  heart  disease  in  Sweden.  Psychosom  Med  32:523-542,  1970 

21.  Blohmke  von  M,  Schaefer  H,  Abel  H,  et  al:  Medizinische  und  soziale  Be- 

funde  bei  koronaren  Herzkrankheiten.  Munchen  Med  Wschr  111:701-710,  1969 

22.  Ostfeld  AM,  Lebovits  BZ , Shekelle  RB,  et  al:  A prospective  study  of 

the  relationship  between  personality  and  coronary  heart  disease.  J 
Chronic  Dis  17:265-276,  1964 

23.  Jenkins  CD:  Psychologic  and  social  precursors  of  coronary  disease. 

New  Eng  J Med  284:244-255,  307-317,  1971 

24.  Zola  IK:  Culture  and  symptoms — an  analysis  of  patients'  presenting 

complaints.  Amer  Sociol  Rev  31:615-630,  1966 

25.  Hackett  TP,  Cassem  NH:  Factors  contributing  to  delay  in  responding 

to  the  signs  and  symptoms  of  acute  myocardial  infarction.  Amer  J 
Cardiol  24:651-658,  1969 


143 


I,  MULTIPLE  RISK  FACTORS 


Current  State  of  Knowledge 

The  greater  the  number  of  risk  factors  in  a given  individual  the  more  apt 

he  is  to  manifest  arteriosclerosis  or  its  complications.  Evidence  for 

this  has  been  attained  from  the  Framingham  Study  "and  from  the  data  of  the 

2 

National  Cooperative  Pooling  Project.  In  Figure  1 are  shown  data  from 
that  study  for  three  major  risk  factors:  serum  cholesterol  over  250  mg. 

per  ml.,  diastolic  blood  pressure  of  90  mm.  Hg . or  more,  and  smoking 
smoking.  Individuals  with  all  three  risk  factors  had  age-adjusted  rates 
of  first  coronary  events  more  than  eight  times  that  of  individuals  with 
none  of  these  factors.  With  two  risk  factors  the  rate  was  increased  by 
more  than  four-fold  over  those  with  none,  and  with  one  risk  factor  it  was 
more  than  twice  that  in  those  with  none.  The  Framingham  Study  showed  an 
even  greater  effect  of  the  presence  of  multiple  risk  factors. 

Since  all  of  these  risk  factors  are  susceptible  to  modification,  it 
seems  that  intervention  in  populations  with  multiple  risk  factors  might 
prove  especially  effective,  and  some  preliminary  studies  are  consistent 
with  this  hypothesis.  The  Task  Force  convened  a panel  of  experts  to  consider 
a trial  intervention  in  such  high  risk  individuals.  The  panel  concluded 
that  such  trials  would  be  feasible.  Similar  trials  are  also  in  different 
stages  of  planning  or  in  operation  in  European  countries  under  the 
auspices  of  the  World  Health  Organization. 

Unresolved  Problems 

Despite  evidence  that  combinations  of  risk  factors  increase  the  risk 
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FIGURE  1 


COMBINATION  OF  RISK  FACTORS  AT  ENTRY  AND  AGE-ADJUSTED  RATES* 
OF  FIRST  MAJOR  CORONARY  EVENT  FOR  WHITE  MALES  AGE  30-59  AT 
ENTRY.  NATIONAL  COOPERATIVE  POOLING  PROJECT 


Rate 

Per  1,000 


*Rates  for  10  Years  of  Followup  Adjusted  by  Age  to  the  U.  S.  White  Male 
Population,  1960. 
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of  arteriosclerosis  and  its  complications  there  is,  as  yet,  no  conclusive 
evidence  that  intervention  with  respect  to  normalizing  these  risk  factors 
will  reduce  the  risk  of  arteriosclerosis.  Not  all  investigators  share 
this  confidence  in  the  primary  pathogenetic  role  of  the  risk  factors  that 
have  been  identified  to  date  and  a lowering  of  risk  by  multiple  intervention 
would  provide  proof  of  the  risk  factor  hypothesis.  While  such  a study 
appears  to  be  feasible  in  terms  of  the  size  of  the  study  population,  there 
are  numerous  problems  in  interpreting  the  results.  Such  a study  would  not 
answer  questions  as  to  specific  risk  factors.  In  fact,  the  outcome  might 
well  be  determined  by  alteration  of  only  a single  one  of  the  risk  factors. 
Furthermore,  problems  of  adherence  are  increased  because  of  the  multiplicity 
of  therapeutic  measures.  It  is  not  known  whether  the  necessity  to  control 
multiple  risk  factors  will  increase  or  decrease  adherence. 

Recommendation 

The  Task  Force  recommends  that  the  Motional  Heart  and  Long  Institute.  develop 
and  support  trials  in  high  risk  subjects  Mith  multiple  risk  factors  [elevated 
blood  lipids,  hypertension,  and  cigarette  making).  Although  Such  trials  Mill 
not  define  the.  contribution  ofi  each  ^ actor  separately,  they  Mill  determine 
the  value  oft  intervention  on  several  factors  in  much  the  same  May  that  the 
practicing  physician  must  cope  Mith  the  problem.  Moreover,  a trial  Mith 
respect  to  multiple  factors  awards  the  advantage  ofi  study  populations  o ^ 
manageable  proportions . 
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J. STATEMENT  TO  THE  PUBLIC  ON  RISK  FACTORS 


The  Task  Force  endorses  the  following  statement  to  the  public  with  regard 
to  risk  factors: 

Epidemic logical,  and  laboAatoAy  studies  have,  imc.oveA.ed  seveoal  fa actoAS  which 
aAe  associated  with  an  incAeased  Aisk  ofa  developing  atheAo  scleAotic  heaAt 
disease  and  otheA  manifaestations  ofa  aAteAioscleAosis . Elevated  seAum 
lipids,  high  blood  pAessuAe,  and  cigarette  smoking  aAe  majoA  contAollable 
Aisk  faactoAS  . 

It  is  not  known  whether  all  ofa  these  Aisk  faactoAS  aAe  causality  Aelated  to  atheAi 
scleAotic  coAdiovasculaA  diseases  but  the  best  judgment  faAom  pAesent  know- 
ledge indicates  that  a signifaicant  Aeduction  in  the  incidence  ofa  these 
diseases  may  be  achieved  by  observing  the  faollowing  guidelines : 

Blood  Lipids  ( cholesteAol  and  tAiglyceAides) : Elevation  ofa  seAum  lipids 

is  implicated  in  the  etiology  ofa  antexio scleAotic  disease.  CuAAent  data 
indicate  that  the  aveAage  M oAth  Amesican  has  higheA  than  optimal  blood 
lipid  levels  and  ingests  excessive  caloAies,  satuAated  faat,  and  cholesteAol. 
Pending  confaiAmation  by  appAopAiate  diet  oa  dAug  totals,  it  theAefaoAe 
would  appeaA  pAudent  faoA  the  Ametican  people  to  faollow  a diet  aimed  at 
loweAing  seAum  lipid  concentAotions . Poa  most  individuals,  this  can  be 
achieved  by  loweAing  intake  ofa  caloAies,  cholesteAol,  and  satunated  faats. 

An  attempt  should  be  made  to  attain  and  maintain  optimal  weight  thAough 
weight  loss  by  balancing  caloAic  intake  and  expendituAe.  In  ceAtain 
individuals  with  cleaAly  elevated  levels  ofa  seAum  cholesteAol  oa  tAigly- 
ceAides, close  medical  supeAvision  with  moAe  vigoAous  attention  to  the 
diet  and  the  use  ofa  dAugs  may  be  necessaAy. 
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High.  Blood.  Pressure:  There  is  conclusive  evidence  that  control  ofi  elevated 
blood  pressure  by  appropriate  drag- s decreases  the,  occurrence  o l important 
complications  o^  arteriosclerotic  disease.  Treatment  ol  hypertension 
should  be,  early,  carefully  regulated,  and  sustained  under  me.dic.al  super- 
vision. 

Cigarette.  Smoking  : Since  cigarette  smoking  has  been  demonstrated  to  be  an 
important  risk  factor  in  arteriosclerotic  disease,  ail  smokers  should  be 
urged  to  stop.  Young  people  should  be  vigorously  deterred  firom  starting 
to  smoke. 
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IV.  PRE SYMPTOMATIC  ATHEROSCLEROTIC  DISEASE 


A.  CORONARY 

Current  State  of  Knowledge 

As  detailed  elsewhere  in  this  report,  diseases  of  the  coronary  arteries 

develop  early  in  life.  By  early  adulthood,  matroscopic  lesions  of  the 

coronary  arteries  are  relatively  common,  as  shown  by  studies  of  the 

1 2 

hearts  of  young  men  killed  accidentally  or  in  combat.  * Such  lesions 
are  rarely  of  sufficient  magnitude  to  cause  symptoms,  abnormal  physical 
findings,  electrocardiographic  abnormalities,  or  changes  in  ventricular 
dynamics  until  much  later  in  life.  Two  factors  explain  a substantial  part 

j 

of  this  apparent  paradox:  1)  blood  flow  through  an  artery  is  not  materially 

diminished  by  atherosclerotic  plaques  until  the  lumen  has  been  decreased 
by  more  than  50  percent;  2)  as  coronary  occlusion  gradually  progresses,  colla- 
teral circulation  is  augmented.  In  the  absence  of  major  occlusive  disease,  the 

connections  that  exist  among  the  coronary  arteries  are  of  very  small  size, 

3 

with  lumen  diameters  ranging  from  20  to  350  microns.  If  occlusive  disease 
occurs,  a rich  network  of  collateral  circulation  may  develop  such  that  a 
major  artery  may  be  completely  occluded  without  causing  clinically  recog- 
nized myocardial  infarction.  The  size  and  location  of  the  occluded  vessel 
and  the  size  of  occlusion  within  the  vessel,  i.e.,  at  its  origin,  mid  or 
terminal  portion  also  determine  the  clinical  manifestations.  In  almost  every 
instance  of  myocardial  infarction  or  sudden  death  due  to  coronary  heart 
disease,  there  is  evidence  of  severe  and  chronic  atherosclerotic  stenosis 
of  one  or  more  of  the  major  coronary  arteries  (Figure  1). 

Since  the  first  recognized  manifestation  of  coronary  artery  heart  disease 
may  be  sudden  death  or  massive  myocardial  infarction,  it  is  evident  that 
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FIGURE  1 


The  Vascular  System  of  the  Heart 


!=□  CORONARY  VEINS 
IO  CORONARY  ARTERIES 
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"asymptomatic"  severe  coronary  atherosclerosis  is  common  and  of  major  impor- 
tance. The  frequency  of  dangerous  coronary  arterial  lesions  is  not  known  for 
Americans  at  any  age.  In  part,  this  deficit  in  information  reflects  the 
lack  of  agreement  between  investigators  as  to  what  type  of  lesion  should 
be  considered  as  being  clinically  significant.  Another  problem  is  the 
fact  that  representative  samples  of  the  population  have  not  been  studied, 
either  in  life  or  after  death,  by  methods  adequate  to  provide  the  neces- 
sary information.  It  has  been  believed  by  some  that  any  plaque,  occlusive 
or  not,  must  be  regarded  as  being  of  potential  clinical  importance  since 
it  may  form  the  site  for  an  acute  coronary  thrombosis.  However,  in  one 
recent  study  by  coronary  arteriography  of  patients  with  angina  pectoris 
it  was  shown  that  death  due  to  coronary  artery  heart  disease  was  very 
unlikely  during  a 5-year  period  of  follow-up  unless  there  was  severe 

4 

occlusive  disease  of  more  than  one  of  the  three  major  coronary  arteries. 

The  problem  is  made  more  complex  by  the  lack  of  correlation  between 
symptoms  noticed  by  the  patient  and  objective  evidence,  not  only  of  coronary 
arterial  lesions,  but  also  of  the  resulting  structural  damage  to  the 
heart  muscle.  Thus,  in  the  Framingham  experience^  approximately  25  percent 
of  all  acute  myocardial  infarctions  were  clinically  "silent,"  i.e. , were 
not  accompanied  by  severe  pain  or  other  symptoms  that  lead  to  diagnosis 
or  to  hospitalization.  The  diagnosis  in  these  persons  was  established 
by  electrocardiographic  changes  developing  in  the  interim  between  routine 
follow-up  examinations.  Moreover,  the  discomfort  of  transient  and  reversible 
myocardial  ischemia  (angina  pectoris)  is  frequently  misinterpreted  as  indi- 
gestion, bursitis,  muscle  pain,  arthritis,  or  esophageal  spasm  by  the 
patient  or  his  physician.  A meticulous  medical  history  properly  analyzed 
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will  usually  allow  the  correct  diagnosis  to  be  made.  Nevertheless, 
these  uncertainties  imply  that  the  terms  "presymptomatic"  or  "asymptomatic" 
coronary  artery  heart  disease  also  include  those  individuals  with  symptoms 
of  myocardial  ischemia  who  are  misdiagnosed  as  having  a benign  disorder. 

Methods  of  Detection.  Early  detection  of  asymptomatic  ischemic  heart 
disease  is  clearly  of  major  importance.  Persons  who  realize  that  they 
have  heart  disease  are  more  likely  to  protect  themselves  against  poten- 
tially dangerous  overactivity.  They  are  more  likely  to  reduce  weight, 
stop  smoking,  and  have  effective  treatment  of  hypertension  and  hyper- 
lipidemia. A large  number  of  diagnostic  measures  have  been  applied  to 
the  problem  of  early  detection  of  coronary  artery  heart  disease.  All  are 
limited  by  the  physiological  problems  already  described,  as  well  as  by 
other  factors  such  as  expense,  hazard  of  the  test  procedures  and  uncertain 
merit . 

1.  Analysis  of  symptoms.  As  described  above,  not  all  patients  with  un- 
diagnosed coronary  artery  heart  disease  are  truly  asymptomatic  and  an  un- 
defined percentage  of  such  persons  may  be  detected  by  a careful  analysis 
of  symptoms.  In  a study  of  Western  Electric  Company  employees  Paul** 

et  al.  found  significant  development  of  clinical  coronary  disease  in  men 
who  had  a history  of  chest  discomfort  not  adequate  for  a diagnosis  of 
angina  pectoris  at  initial  examination.  Other  investigators  have  devised 
computer  based,  statistically  weighted  questionnaires  for  this  purpose. 
However,  neither  the  sensitivity  nor  the  specificity  of  this  approach 
has  as  yet  been  adequately  evaluated. 

2.  Physical  examination.  Although  an  occasional,  asymptomatic  person 
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may  have  physical  findings  consistent  with,  or  even  suggestive  of,  coronary 
artery  heart  disease(e. g. , cardiomegaly , mitral  regurgitation, gallop 
rhythm,  abnormal  splitting  of  heart  sounds,  or  abnormal  precordial  im- 
pulses), such  findings  are  not  recognized  with  sufficient  frequency  to 
make  these  important  in  population  research.  However,  they  may  be  of 
great  significance  to  the  individual,  if  present. 

3.  Electrocardiography.  Persons  with  angina  pectoris  who  have  not 
sustained  prior  myocardial  infarction  characteristically  have  electro- 
cardiograms recorded  at  rest  that  are  within  normal  limits.  Many  of  these 
recordings  are  truly  indistinguishable  from  those  of  completely  healthy 
people  taken  under  similar  circumstances.  Others  have  "minor"  electrocardio- 
graphic variations  that  are  similar  to  those  seen  in  a relatively  small 
percentage  of  apparently  healthy  people.  But  recent  longitudinal  population 
studies  have  provided  evidence  that  such  minor  changes  may  have  prognostic 
significance  for  the  future  development  of  coronary  artery  heart  disease. 

In  the  community  study  of  Framingham,  Massachusetts,  persons  with  such 
"non-specific"  electrocardiographic  changes  as  flattened  or  inverted  T- 
waves  in  certain  electrocardiographic  leads  had  a significantly  greater 
likelihood  of  subsequent  development  of  heart  disease  than  did  persons  without 
these  changes. ^ It  should  be  recognized,  however,  that  such  changes  are 
indeed  non-specific,  relatively  insensitive,  and  serve  only  to  classify 
individuals  into  population  groups  with  some  increased  hazard  of  subse- 
quent development  of  heart  disease.  These  changes  do  not  allow  the 
diagnosis  of  heart  disease  to  be  made  in  any  individual. 

In  contrast,  individuals  with  typical  electrocardiographic  changes  of  prior 
myocardial  infarction  have  a very  strong  probability  of  having  occlusive 
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lesions  of  major  coronary  arteries  and  major  scars  in  the  ventricular 
myocardium.  Kannel,  et  al^  have  reported  that  asymptomatic  persons  devel- 
oping such  electrocardiographic  changes  between  sequential  examinations 
have  the  same  life  expectancy  as  persons  with  the  typical  clinical 
history  of  a documented  myocardial  infarction. 

Methods  for  recording  the  electrocardiogram  for  periods  of  several  hours 
utilizing  a portable  electromagnetic  tape  recorder  have  been  developed. 
Serious  abnormalities  of  cardiac  rhythm  may  be  discovered  in  apparently 
healthy  individuals.  These  disturbances  of  rhythm  may  be  evidence  of 
serious  heart  disease,  having  important  prognostic  implications, 

4.  Stress  electrocardiography.  The  electrocardiogram  recorded  after 
applying  stress  to  the  cardiovascular  system  has  been  used  for  many 
years  as  a diagnostic  aid  in  the  evaluation  of  patients  with  chest  pain. 
Many  different  types  of  stress  tests  have  been  studied,  but  the  stress  of 

g 

muscular  exercise  has  proved  most  useful.  The  ability  of  the  exercise 
electrocardiographic  test  to  identify  individuals  with  overt  coronary 
heart  disease  depends  upon  the  type  of  test  performed  and  the  electrocar- 
diographic criteria  applied.  The  sensitivity  of  this  test  as  it  is  usually 

performed  and  interpreted,  the  standard  two-step  test,  is  approximately 
9 

60  percent.  Recent  studies  have  indicated  that  the  sensitivity  can  be 

increased  significantly  without  loss  of  specificity  if  exercise  of 

9 10 

maximal  or  near  maximal  severity  is  employed.  * In  addition,  it  appears 

that  use  of  the  digital  computer  will  allow  increased  precision  of 

, . . 11,12,13 

diagnosis.  ’ ’ 
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14  15 

Several  studies  * have  indicated  that  exercise  testing  of  apparently 
healthy  persons  will  result  in  a significant  number  of  abnormal  electro- 
cardiographic responses.  Such  "positive"  responses  are  rare  in  persons 
under  the  age  of  40  years,  the  prevalence  increasing  with  advancing  years 
to  approximately  20  percent  positive  responses  in  the  6th  decade  to  exer- 
cise of  near  maximal  severity.'*''*  There  is  evidence  that  such  responses 

16 

may  have  important  prognostic  implications.  According  to  recent  data 
during  a longitudinal  population  study,  the  probability  of  developing 
clinical  coronary  atherosclerotic  heart  disease  (angina  pectoris,  myocar- 
dial infarction,  or  sudden  death)  within  5 years  is  approximately  85  per- 
cent in  individuals  developing  a positive  exercise  test.  It  should  be 
noted  that  the  exercise  utilized  in  this  study  was  of  only  moderate 
severity,  i.e.,  a treadmill  walk  at  3 m.p.h.  on  a grade  of  5 percent  with 
a duration  of  10  minutes.  The  yield  of  positive  electrocardiographic 
responses  to  exercise  in  this  study  of  middle-aged  asymptomatic  men  was 
approximately  4 percent. 

17-21 

These  data  are  in  general  accord  with  earlier  studies.  It  is 

possible  to  utilize  the  exercise  electrocardiogram  to  identify  a group  of 
asymptomatic  men  at  greater  risk  of  developing  clinical. coronary  artery 
heart  disease  than  the  population  at  large  or  those  with  a negative 
electrocardiogram. 


5.  Hemodynamic  measurements.  There  is  strong  evidence  from  many  studies 
that  persons  with  symptomatic  coronary  artery  heart  disease  tend  to  have 
abnormalities  of  cardiac  output,  left  ventricular  end-diastolic  pressure, 
rate  of  ejection,  ejection  fraction,  and  left  ventricular  mass.  It  is 
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probable  that  many  persons  with  presymptomatic  disease  will  also  manifest 

such  changes.  However,  direct  measurement  of  these  variables  requires 

intracardiac  catheterization  and  angiocardiography,  procedures  that  are  not 

feasible  for  large  scale  application.  A number  of  atraumatic  or  non- 

invasive  procedures  that  reflect  certain  of  these  hemodynamic  abnormalities 

have  been  utilized  in  the  study  of  persons  with  or  at  risk  of  coronary 

artery  heart  disease.  These  include  the  ballistocardiogram,  kinetocardio- 

gram,  systolic  time  intervals,  echocardiogram,  and  apex  cardiogram.  Of 

these  promising  methods,  only  the  ballistocardiogram  has  been  utilized  in 

22 

longitudinal  studies  of  significant  duration  and  size.  Starr  has  re- 
ported that  asymptomatic  persons  with  abnormal  ballistocardiograms  have  a 
much  greater  risk  of  subsequent  development  of  heart  disease  than  do  per- 
sons without  such  abnormality.  A more  recent  study  has  confirmed  and 

23 

extended  these  results. 


6.  Coronary  angiography.  The  most  precise  method  of  detecting  occlusive 
disease  of  the  large  coronary  arteries  during  life  is  by  selective  injec- 
tion of  the  ostia  of  these  vessels  with  radio-opaque  media  and  simultane- 

24  25  26 

ous  recording  on  cine-fluorographic  or  X-ray  film.  ’ ’ This  procedure 

carries  a small  but  definite  risk,  and  is  expensive.  Although  coronary 

angiography  is  impractical  for  large-scale  screening,  it  is  a powerful 

tool  for  accurate  diagnosis  in  properly  selected  persons.  Thus  it  provides 

an  excellent,  though  not  perfect  modality  of  diagnosis,  against  which  the 

various  noninvasive  methods,  including  the  exercise  electrocardiogram,  the 

27  28 

ballistocardiogram,  etc.,  may  be  checked.  ’ 
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Unresolved  Problems 


A major  unresolved  problem  Is  the  prognostic  significance  of  the  coronary 
artery  lesions  seen  at  coronary  angiography  or  at  postmortem  examinations. 
As  pointed  out  elsewhere  in  this  report,  a wide  spectrum  of  lesions  may  be 
recognized  by  careful  pathological  examination  ranging  from  the  "fatty 

streak"  to  complete  or  near  complete  occlusion  by  the  atheromatous  plaques. 

4 

If  the  coronary  angiographic  observations  by  Friesinger,  et  al  , are  con- 
firmed by  other  and  more  extended  investigations,  it  would  appear  that 
only  severely  occluded  large  coronary  arteries  constitute  a major  hazard 
with  respect  to  early  death  from  heart  attack.  The  implication  of  lesser 
stenosis  over  long  periods  of  time  has  not  been  evaluated.  This  important 
question  can  be  approached  by  long-term  prospective  studies  involving 
patients  undergoing  coronary  angiography.  It  can  also  be  approached  by 
meticulous  pathological  examination  of  all  persons  dying  from  possible 
coronary  artery  heart  disease,  including  those  due  to  sudden  death.  Im- 
proved methods  for  characterization  of  the  coronary  arterial  tree  and  for 
detection  of  early  stages  of  myocardial  necrosis  would  be  required. 

Another  major  problem  is  the  development  of  sensitive  and  accurate 
methods  for  the  early  detection  of  significant  coronary  artery  heart 
disease  that  can  be  applied  with  safety  and  economy  to  a large  segment  of 
the  population.  Screening  techniques  are  needed  for  middle-aged  persons, 
especially  men,  that  would  detect  the  majority  of  those  with  major  occlu- 
sive disease  of  large  coronary  arteries.  It  is  possible,  but  as  yet 
unproven,  that  only  modest  refinements  of  existing  techniques  would  be 
adequate,  especially  if  coupled  with  accurate,  non-biased  methods  of 
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analysis  of  the  information.  Problems  in  need  of  solution  include  those 
relating  to  instrumentation  and  automation  of  analytical  procedures. 

The  optimal  type  of  stress  utilized  with  the  electrocardiogram  (or  with 
the  other  measurements)  has  not  been  clearly  defined.  It  is  to  be  recog- 
nized that  exercise  testing  of  middle-aged  and  older  men  carries  with  it  a 
small  but  definite  hazard  and  because  of  other  disorders,  such  as  ortho- 
pedic disability,  not  all  persons  can  be  exercised  by  the  walking  or 
climbing  tests  generally  utilized.  There  is  no  agreement  as  to  severity 
or  duration  of  exercise  required.  Other  forms  of  potentially  useful  stress 
including  the  "isometric  hand  grip"  test  and  various  types  of  pharmacologic 
stress  have  not  been  adequately  evaluated. 

It  is  possible  to  envision  other  methods  for  the  study  of  the  adequacy  of 
the  coronary  circulation  that  have  not  yet  been  applied  clinically  nor 
brought  to  this  level  of  development.  It  is  not  yet  possible  to  visualize 
the  coronary  arterial  tree  in  life  except  by  angiography,  and  this  method 
is  not  applicable  to  screening  of  a large  population.  Lack  of  a method  to 
accomplish  direct  visualization  on  a large  scale  is  a major  unresolved 
problem. 

As  in  the  other  stages  of  coronary  disease,  treatment  in  the  asymptomatic 
phase  remains  in  a highly  unsatisfactory  state.  There  is  some  evidence 
that  cessation  of  smoking,  treatment  of  hypertension,  reduction  in  hyper- 
lipidemia, control  of  obesity,  and  possibly  an  increase  in  physical  activity 
will  decrease  the  overall  death  rate.  However,  the  magnitude  of  the  reduc- 
tion in  overall  death  rate  or  in  morbidity  has  not  been  adequately  docu- 
mented. Some  methods  of  achieving  these  goals  are  promising  while  others 
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remain  highly  unsatisfactory.  Even  in  persons  with  symptomatic  heart 
disease,  it  is  not  easy  to  control  obesity,  smoking,  hyperlipidemia  or 
hypertension. 

Recomm  endatio  ns 

1 . Properly  designed  epidemiological  studies  should  be  carried  out  to 
determine  the.  pn.evcite.ncLe.  of  potentially  important  but  unrecognized  coronary 
artery  keart  disease  in  an  apparentty  well  population. 

2.  Support  should  be  given  to  the  further  development  and  understanding  o f 
the  various  noninvasive  methods  of  studying  cardiac  function  applicable  to 
the  detection  of  "presymptomatic  coronary  atherosclerotic  heart  disease." 

The  sensitivity  and  specificity  of  the  following  tests  for  the  detection  of 
coronary  artery  heart  disease  should  be  determined:  medical  history  [auto- 
mated), physical  examination  [augmented  by  phonocardiography) , the  electro- 
cardiogram at  rest  and  during  stress,  systolic  time  intervals,  apex  cardio- 
graphy, kineto cardiography , ballistocardiography , and  echocardiography . 
Consideration  should  be  given  to  the  utilization  of  coronary  angiography 
as  the  "standard"  against  which  the  other  indirect  methods  could  be  assayed. 
In  addition  adequate  prospective  studies  should  be  made  to  determine  the 
prognostic  value  of  the  various  tests,  singly  or  in  appropriate  combinations . 

Particular  attention  should  be  given  to  the  refinement  of  electrocardio- 
graphic exercise  testing:  automation  of  analysis,  determination  of  optimal 
severity  and  duration  of  exercise,  and  identification  of  optimal  lead 
systems.  Optimal  criteria  for  a positive  test  should  be  defined.  Special 
consideration  should  be  given  to  the  combined  utilization  of  electro  cardio- 
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graphic  ttrett  letting  and  non-lnvatlve  method*  { on  a**e**ment  o{  hemodynamic 
function  In  the  detection  o { "pnetymplomaiic  coronary  artery  heart  diteate." 
Method*  {on  automated  recording  and  analyst 6 o{  the  ballot  to  cardiogram, 
ktnetoe.andtogn.am , echocardiogram,  and  the.  tytiollc  time,  interval* , not  only 
at  nett  but  during  tine **,  should  be  ontgtnated . The  optimal  type  o{  ttrett 
should  be  defined.  It  it  pottible  that  ttrett  could  be  applied  eithen  a* 
exercite,  (teg  on  hand  gntp)  by  candtac  pacing  on  by  phanmaco logic  Inter- 
vention, 

3.  Sa{e  method t {on  de{lnltlon  o{  the  lumen  o{  the  cononany  antenle*  In 
vivo,  that  one  Suitable  {on  mat-6  application  thould  be  developed. 

4.  Contidenallon  thould  be  given  to  the  {eatlblllty  o{  ettablithmenl  o{  a 
tpeclal  tectlon  o{  the  Prevention  Center*  (recommended  eltewhene  In  thi* 
report)  {on  the  expnett  purpote  o{  developing , ne{inlng  and  evaluating 
method*  {on  the  early  detection  o{  coronary  athenotclenotlc  heart  ditea* e. 

References 


1.  Enos  WF,  Holmes  RH,  Beyer  J:  Coronary  disease  among  United  States 

soldiers  killed  in  action  in  Korea:  Preliminary  report.  JAMA  152: 
1090-1093,  1953 

2.  McNamara  JJ,  Molot  MA,  Stremple  JF,  et  al:  Coronary  artery  disease 

in  combat  casualties  in  Vietnam.  JAMA  216:1185-1188,  1971 

3.  Baroldi  G,  Mantero  0,  Scomazzoni  G:  The  collaterals  of  the  coronary 

arteries  in  normal  and  pathological  heart.  Circ  Res  4:223-228,  1956 

4.  Friesinger  GC,  Page  EE,  Ross  RS:  Prognostic  significance  of  coronary 

arteriography.  Trans  Ass  Amer  Physicians  83:78-91,  1970 

5.  Kannel  WB,  McNamara  PM,  Feinleib  M,  et  al:  The  unrecognized  myocardial 

infarction:  Fourteen-year  follow-up  experience  in  the  Framingham  Study. 
Geriatrics  25:75-87,  1970 


161 


6.  Paul  0,  Lepper  MH,  Phelan  WH,  et  al:  A longitudinal  study  of  coronary 

heart  disease.  Circulation  28:20-31,  1963 

7.  Dawber  TR,  Kannel  WB:  The  early  diagnosis  of  coronary  heart  disease. 

Presymptomatic  Detection  and  Early  Diagnosis.  London,  Pitman  Medical 
Publishing  Co  Ltd,  1968,  pp  257-281 

8.  Simonson  E:  Electrocardiographic  stress  tolerance  tests.  Prog 

Cardiovasc  Dis  13:269-292,  1970 

9.  Sheffield  LT,  Reeves  TJ : Graded  exercise  in  the  diagnosis  of  angina 

pectoris.  Mod  Cone  Cardiovasc  Dis  34:1-6,  1965 

10.  Bruce  RA,  Hornsten  TR:  Exercise  stress  testing  in  evaluation  of 

patients  with  ischemic  heart  disease.  Prog  Cardiovasc  Dis  11: 

371-390,  1969 

11.  Sheffield  LT,  Holt  JH,  Lester  FM,  et  al:  On-line  analysis  of  the 

exercise  electrocardiogram.  Circulation  40:935-944,  1969 

12.  Bruce  RA,  Mazzarella  JA,  Jordan  JW  Jr,  et  al:  Quantitation  of  QRS  and 

ST  segment  response  to  exercise.  Amer  Heart  J 71:455-466,  1966 

13.  Blomqvist  G:  The  Frank  lead  exercise  electrocardiogram:  A quantitative 

study  based  on  averaging  technic  and  digital  computer  analysis.  Acta 
Med  Scand  Suppl  440:5-98,  1965 

14.  Riley  CP,  Oberman  A,  Lampton  TD,  et  al:  Submaximal  exercise  testing  in 

a random  sample  of  an  elderly  population.  Circulation  42:43-52,  1970 

15.  Doan  AE,  Peterson  DR,  Blackmon  JR,  et  al:  Myocardial  ischemia  after 

maximal  exercise  in  healthy  men:  A method  for  detecting  potential 
coronary  heart  disease?  Amer  Heart  J 69:11-21,  1965 

16.  Doyle  JT,  Kinch  SH:  The  prognosis  of  an  abnormal  electrocardiographic 

stress  test.  Circulation  41:545-553,  1970 

17.  Robb  GP,  Marks  HH:  Post  exercise  electrocardiogram  in  arteriosclerotic 

heart  disease:  Its  value  in  diagnosis  and  prognosis.  JAMA  200: 

918-926,  1967 

18.  Brody  A J : Master  two-step  exercise  test  in  clinically  unselected 

patients.  JAMA  71:1195-1198,  1959 

19.  Franco  SC,  Gerl  AJ,  Murphy  GT : Periodic  health  examinations:  A long 

term  study,  1949-1959.  J Occup  Med  3:13-20,  1961 

20.  Rumball  A,  Acheson  ED:  Latent  coronary  heart  disease  detected  by  elec- 

trocardiogram before  and  after  exercise.  Brit  Med  J 1:423-428,  1963 

21.  Bellet  S,  Roman  LR,  Nichols  GJ,  et  al:  Detection  of  coronary-prone  sub- 

jects in  a normal  population  by  radioelectrocardiographic  exercise  test: 
Follow-up  studies.  Amer  J Cardiol  19:783-787,  1967 


162 


22.  Starr  I:  Prognostic  value  of  ballistocardiograms;  as  judged  by  after- 

histories of  211  healthy  persons  and  221  patients  followed  from  5 to 

25  years.  Ballistocardiography  and  Cardiovascular  Dynamics:  Proceedings 
of  the  First  World  Congress  on  Ballistocardiography  and  Cardiovascular 
Dynamics.  Edited  by  AA  Knoop.  Baltimore,  Williams  & Wilkins  Company, 
1966,  pp  7-20 

23.  Baker  BM,  Scarborough  WR,  Davis  FW  Jr,  et  al:  Ballistocardiography  and 

ischaemic  heart  disease:  Predictive  considerations  and  statistical 
evaluation.  Proc  Roy  Soc  Med  60:1290-1297,  1967 

24.  Sones  FM,  Shirey  EK,  Proudfit  WL,  et  al:  Cine-coronary  arteriography. 

Proceedings  of  the  32nd  Scientific  Sessions  of  the  American  Heart 
Association,  October  23-25,  1959.  Circulation  20:773-774,  1959 

25.  Paul  S:  Coronary  angiography:  A technical,  anatomic  and  clinical  study. 

Acta  Radiol  Suppl  233:5-215,  1964 

26.  Judkins  MP : Percutaneous  transfemoral  selective  coronary  arteriography. 

Radiol  Clin  N Amer  6:467-492,  1968 

27.  Kattus  AA,  MacAlpin  R,  Longmire  WP,  et  al:  Coronary  angiograms  and 

the  exercise  electrocardiogram  in  the  study  of  angina  pectoris. 

Amer  J Med  34:19-41,  1963 

28.  Roitman  D,  Jones  WB,  Sheffield  LT : Comparison  of  submaximal  exercise 

ECG  test  with  coronary  cineangiocardiogram.  Ann  Intern  Med  72: 

641-647,  1970 


163 


B.  CEREBRAL 


Current  State  of  Knowledge 

The  atherogenic  process  in  the  cerebral  arteries  is  similar  to  that  of 
other  vascular  beds.  However,  there  are  a number  of  features  which  disting- 
uish this  vascular  bed  and  the  effects  of  atherosclerosis  upon  it  from  other 
arteries.  Some  of  these  have  been  identified  as  risk  factors  unique  to 
the  cerebral  circulation. 

The  Configuration  of  the  Arteries . The  arteries  supplying  the  brain  arise 
from  the  aortic  arch  (the  brachiocephalic  and  the  left  common  carotid 
arteries)  and  the  subclavian  arteries  (right  and  left  vertebral  arteries). 

In  a significant  percentage  of  people  the  anatomical  configuration  of 
these  vessels  varies  from  the  typical.  For  example,  a frequent  anomaly  is 
the  origin  of  the  left  common  carotid  artery  from  the  brachiocephalic  artery. 
In  this  case  the  blood  flowing  into  three  of  the  four  arteries  supplying 
the  brain,  both  carotids  and  the  right  vertebral,  must  first  course  through 
a single  brachiocephalic  trunk.  This  anatomical  configuration,  laid  down 
during  embryogenesis , may  predispose  the  patient  to  symptomatic  cerebro- 
vascular disorder  during  middle  age. 

In  a similar  manner  other  congenital  variations  may  protect  or  predispose 
the  individual  to  stroke^"  (Figures  1 and  2).  Some  of  these  are: 

1)  origin  of  the  left  vertebral  artery  from  the  aortic  arch 

2)  the  extent  of  anatomic  connections  between  the  two  carotid  and/or 
the  two  vertebral  systems 

3)  the  pattern  of  the  circle  of  Willis  and  the  caliber  of  its  connecting 
links 
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FIGURE  1 


Arteries  Supplying  the  Brain 

Reproduced  with  the  permission  of  the  publishers  and  the  authors  from 
Cerebrovascular  Disorders,  James  F.  Toole  and  Aneel  N.  Patel,  McGraw- 
Hill  Co.,  1967,  pg  1. 
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FIGURE  2 


Atherosclerosis  of  Arteries  Supplying  the  Brain 

Atherosclerosis  involving  the  intracranial  arteries  is  a patchy  disease 
affecting  primarily  junctions,  bifurcations,  angulations  and  points  of 
branching  of  the  major  arteries.  The  extent  to  which  these  plaques  affect 
regional  cerebral  blood  flow  depends  upon  the  anastomoses  with  which  the 
patient  is  born  or  the  collaterals  which  he  can  develop  during  life. 
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4)  the  anastomotic  connections  of  the  terminal  branches  of  the  large 
surface  conducting  arteries  over  the  brain 

5)  aneurysmal  dilatations  of  the  intracranial  arteries 

6)  arteriovenous  malformations. 

Variation  in  Vascular  Beds  within  the  Individual.  Coronary  atherosclerosis 
usually  becomes  symptomatic  approximately  10  years  before  cerebral,  despite 
the  fact  that  the  latter  supplies  an  organ  more  exquisitely  sensitive  to 
impairment  of  blood  flow.  It  is  thought  that  this  is  due  to  the  hydrostatic 
pressure,  causing  cerebral  arterial  pressure  in  upright  man  to  be  lower 
than  the  pressure  in  the  coronary  arteries.  In  fact,  however,  the  reasons 
are  unknown. 

Murmurs  in  the  Neck  or  Head.  Arterial  bruits  heard  over  the  neck  or  head 

2-9 

of  adults  suggest  atherosclerotic  cervicocranial  vascular  disease. 

Whether  this  has  predictive  value  in  the  asymptomatic  population  is  unknown. 

Age.  The  incidence  of  cerebral  infarction  and  hemorrhage  mounts  with  age 

but  the  causative  factors  change.  In  the  young, infarction  is  usually  the 

result  of  arteritis  or  embolism  from  the  heart,  while  in  the  adult  it  is 

10 

due  to  atherosclerosis.  Below  age  50  cerebral  hemorrhage  is  generally 
the  result  of  blood  dyscrasia^  vascular  anomaly,  or  ruptured  aneurysm  while 
above  50,  spontaneous  cerebral  hemorrhage  is  usually  caused  by  sustained 
hypertension. 

Sex.  Some  epidemiological  surveys  have  shown  an  apparent  male  prepon- 

11-1- 

derance  for  cerebral  infarction  in  certain  age  groups  but  not  in  others. 
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The  reasons  are  unknowi  but  have  been  variously  attributed  to  differences 


in  hormones,  life  stress,  hypertension,  smoking  and  diet.  Other  investi- 
14 , 15 

gators  ? have  questioned  this  apparent  difference  in  predilections  in 
the  two  sexes  for  stroke. 


Blood  Lipids.  Elevations  in  cholesterol  and  triglyceride-rich  pre-  3 

lipoprotein  found  in  subjects  under  age  50  are  associated  with  increased 

risk  of  cerebral  infarction,  the  risk  varying  with  the  degree  of  associated 

hypertension.  However,  at  the  present  time  there  is  only  weak  evidence}  not 

yet  statistically  significant,  associating  cerebral  infarction  with 

13,16 

abnormalities  in  blood  lipids  in  populations  above  age  50. 

Hypertension.  High  blood  pressure  sustained  for  long  periods  of  time  is 

one  of  the  most  important  factors  which  increases  the  risk  of  cerebral 

17-21 

infarction  and  hemorrhage.  It  accelerates  the  atherogenetic  process 

in  the  large  arteries,  increases  complicated  lesions,  and  predisposes  to 

cerebral  infarction.  In  addition , arterial  hypertension  causes  changes  in 

small  arteries  and  in  arterioles  leading  to  hyaline  thickening,  aneurysmal 

dilatations,  and  eventually  to  occlusion  or  rupture  of  these  small  vessels. 

1 

These  in  turn  result  in  multiple  micro-infarctions  (lacunar  state)  or  in 
cerebral  hemorrhage. 


Prospective  epidemiological  studies  have  shown  hypertension  to  be  the  single 

22 

most  reliable  predictor  for  the  different  varieties  of  strokes.  Even 

moderate  hypertension  found  by  single  blood  pressure  determination  in 

23,24 

either  sex  at  any  age  is  associated  with  increased  risk  of  stroke.  ’ 

When  the  measurement  is  associated  with  evidence  of  prolonged  sustained 
hypertension  (i.e.,  left  ventricular  enlargement  on  electrocardiogram  or 
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chest  X-ray) , the  risk  of  cerebral  infarction  or  hemorrhage  is  more  than  five 

13-23 

times  that  of  a comparable  normotensive  population.  Consequently, 

asymptomatic  hypertensive  individuals  must  be  recognized  early  and  treated 
vigorously  and  effectively  if  end-stage  cerebrovascular  disorders  are  to  be 
prevented . 

Heart  Disease.  Underlying  heart  disease  (valvular  lesions,  myocardial  in- 
farction, cardiac  dysrhythmias,  conduction  defects,  and  cardiac  decompen- 
sation) are  associated  with  greatly  increased  risk  of  cerebral  infarction  due 
to  atherothrombosis  and  embolism. 

Electrocardiographic  evidence  of  coronary  artery  disease  is  associated  with 

almost  five-fold  increased  risk  of  cerebral  infarction,  left  ventricular 

hypertrophy  secondary  to  hypertension  with  a three-fold  increase,  and 

13  23  25 

cardiac  decompensation  with  three-fold  increase  in  risk.  ’ ’ Furthermore 

hypertensive  subjects  who  develop  electrocardiographic  change  have  nine  times 

the  risk  of  cerebral  infarction  compared  to  that  of  a normotensive  popu- 
lation with  normal  electrocardiograms. 

Racial  and  Geographic  Factors.  The  incidence  of  hemorrhagic  and  ischemic 

1 ^ 2 6 “3 1 

stroke  is  higher  in  some  populations  than  in  others.  ' 5 The  reasons 

for  this  are  unknown.  Some  seem  to  be  genetic  while  others  are  undoubtedly 

the  result  of  environmental  influence.  For  example,  native  Japanese 

have  a high  incidence  of  cerebral  hemorrhage  but  a low  incidence  of 

12  32  33 

ischemic  infarction.  ’ 5 In  Hawaii,  the  proportion  among  the  Japanese 

population  is  about  equal,  while  in  U.S.  born  Japanese  the  reverse  is 

true.  Furthermore,  this  striking  difference  seems  to  be  changing  with 

time,  so  that  within  the  past  few  years  in  Japan  the  incidence  of  hemorrhage 

seems  to  be  declining  while  that  of  infarction  is  mounting. 
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Some  attribute 


this  apparent  change  to  differences  in  classifying  deaths  due  to  strokes 

15 

while  others  suggest  that  better  control  of  hypertension  is  the  explanation. 
Whatever  the  cause,  the  fact  remains  that  there  is  important  information  to 
be  gained  from  epidemiologic  studies  of  a global  nature. 

Furthermore,  in  the  continental  United  States  there  are  striking  differences 

34,35 

in  the  incidence  and  prevalence  of  stroke  among  subgroups.  For  in- 

stance, in  whites  and  Negroes,  both  male  and  female,  all  forms  of  stroke 
are  more  common  in  the  southeastern  than  in  other  parts  of  the  United  States 
while  they  are  lowest  in  incidence  and  prevalence  in  the  Rocky  Mountain 
states. In  addition, within  single  geographic  regions  there  are  differences  in 
the  average  age  of  occurrence  of  stroke  between  Negro  and  white  populations 
and  between  the  two  sexes. 

Diabetes  Mellitus.  Persons  with  overt  diabetes  mellitus  have  a greatly 

23 

increased  risk  of  cerebral  infarction.  It  is  possible  but  unproven  that 
good  control  may  reduce  this  risk. 

Tobacco . Smoking  of  cigarettes  increases  the  risk  of  cerebral  infarction  in 
certain  population  groups.  (See  Section  on  Smoking) 

Obesity . Data  linking  excess  body  weight  with  propensity  to  stroke  are 

inconclusive,  except  through  the  association  with  hypertension  and  diabetes 
23 

mellitus . 

Blood  Uric  Acid.  Patients  with  gout  have  an  increased  risk  of  cerebral 
infarction.  The  possible  predictive  value  of  elevated  blood  uric  acid  levels 
in  asymptomatic  individuals  is  not  known.  It  has  , been  suggested  that  the 
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apparent  relationship  is  really  attributable  to  the  association  of  an 

23 

elevated  uric  acid  with  hypertension,  obesity,  and  elevated  blood  lipids. 

Antiprogestational  Agents.  The  use  of  certain  oral  contraceptive  medications 

is  accompanied  by  an  increased  risk  of  cerebral  infarction  in  women  who 

36  37 

have  a personal  or  family  history  of  migraine.  ’ However,  there  is  no 
compelling  evidence  to  indicate  that  the  general  population  of  women  using 
these  agents  who  are  asymptomatic,  normotensive , and  non-diabetic  are  at 
increased  risk. 


Abnormalities  in  Blood  Constituents.  Persons  with  polycythemia  vera  and 
erythrocytosis , as  well  as  those  with  other  causes  of  increased  blood 
viscosity,  have  an  increased  risk  of  cerebral  infarction.^ 


Psychosocial  Factors. 


stroke  which  seem  to 

. 38-40 

style . 


Paffenbarger  et  al  have  demonstrated  predictors  for 
relate  to  personality  pattern,  work  and  possibly  life 


Seasonal  Changes.  The  incidence  of  cerebral  infarction  is  lower  in  summer 

, . . , 41 

than  in  winter  months. 

Unresolved  Problems 

There  has  been  investigation  of  the  radiographic  anatomy  of  the  aortocervico- 
cranial  arteries  and  extensive  studies  of  the  circle  of  Willis.  However, 
there  has  been  very  limited  interest  in  and  investigation  of  the  probability 
that  the  anatomy  of  this  arterial  tree  may  be  a critical  factor  in  deter- 
mining whether  a person  will  develop  symptomatic  cerebrovascular  disease  and 
in  determining  the  manifestations  of  the  disease. 


The  reasons  for  the  variation  in  incidence  and  prevalence  rates  of  cerebral 
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infarction  and  hemorrhage  among  racial  groups  and  in  different  geographic 
regions  are  mysterious.  The  explanation  of  this  problem  will  undoubtedly 
be  the  key  to  stroke  prevention.  Among  the  considerations  are  hereditary, 
endocrine,  and  racial  attributes,  climatic  differences  and  ingested  sub- 
stances such  as  salt.  Identification  of  these  possibilities  is  of  utmost 
importance . 

There  are  many  theoretical  reasons  why  cerebral  and  coronary  beds  are 
affected  by  atherosclerosis  at  different  ages,  but  there  have  been  few 
studies  directed  toward  elucidation  of  causes.  Among  these  could  be 
mechanical  factors  related  to  movement  of  the  arteries  themselves,  of  the 
blood  constituents  within  them,  or  differences  in  arterial  blood  pressure 
within  the  two  vascular  beds. 

It  is  known  that  certain  forms  of  heart  disease  increase  the  risk  of 
cerebral  infarction.  While  some  of  the  mechanisms,  such  as  emboli  and  the 
effects  of  reduced  cardiac  output,  are  well  understood,  others  are  not. 
Methods  to  protect  the  cerebral  circulation  of  the  individual  with  heart 
disease  from  secondary  complications  leading  to  cerebral  infarction  are 
needed . 

The  possible  relationship  between  cerebral  hemorrhage  and  transient 
elevations  of  blood  pressure,  as  occur  in  emotional  crises,  is  not  known. 
The  effects  of  sudden  reduction  in  blood  pressure  as  possible  precipitants 
for  cerebral  infarction  are  not  understood. 

The  use  of  certain  oral  contraceptive  medications  is  accompanied  by  an 
increased  risk  of  cerebral  infarction  in  some  women ^ particularly  those 
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with  migraine.  Wh.eth.er  this  is  related  to  accelerated  atherosclerotic 
change  in  the  arterial  wall,  to  change  in  the  blood  constituents,  or  to 
the  precipitation  of  hypertension  or  diabetes  mellitus  is  unknown. 

Bruits  discovered  in  the  cervicocramial  arteries  of  asymptomatic  individuals 
pose  a particularly  difficult  problem.  Such  murmurs  have  many  causes, 
ranging  from  inconsequential  to  the  very  serious.  As  a general  rule, 
the  older  the  person,  the  more  likely  a murmur  in  the  chest,  neck,  or 
head  is  due  to  atherosclerosis.  In  this  population  the  question  that 
arises  is  whether  the  murmur  is  a predictor  of  future  arterial  occlusion 
or  of  thromboembolism  to  the  brain.  Informed  opinion  on  this  matter  is 
divided.  However,  a consensus  must  be  reached  because  as  asymptomatic 
populations  are  screened,  such  murmurs  will  be  found  with  increasing 
frequency  and  the  proper  management  must  be  defined. 

Recommendation s 

1.  All  persons,  particularly  young  as  ymptomatlc  Individuals , with  blood 
pressure  elevations  should  be  Identified  and  treated.  In  order  to  accomplish 
this  goal,  a program  of  national  scope  muAt  be  undertaken  which  Ahould 
Include  education  of  the  public  and  of  health  professionals  to  heightened 
awareness  of  the  dangers  of  hypertension  and  to  the  necessity  for  Its  early 
recognition,  accurate  diagnosis , and  vigorous  management. 

2.  Screening  techniques  such  as  those  discussed  under  the  section  on 
hypertension  should  be  employed  to  detect  Individuals  at  Increased  risk  of 
cerebral  hemorrhage  and  Infarction.  In  addition,  screening  for  aorto- 
cervlco- atherosclerotic  cerebrovascular  disease  should  be  considered. 
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Techniques  to  consider  Include  screening  for  murmurs.  In  the  neck , radio- 
iso  topic  flow  studies,  thermography,  and  measurement  oft  retinal  arteriolar 
pressures . 

3.  Further  Investigations  are  needed  to  determine  the  degree  of  risk  asso- 
ciated with  individual  as  well  as  combinations  of  factors  predisposing  to 
cerebral  infarction  and  hemorrhage. 

4.  Epidemiological  investigations  should  be  undertaken  into  the  causes  of 
variation  in  incidence  and  prevalence  of  stroke  among  races,  sexes,  and 
geographic  regions  in  an  effort  to  determine  predictors  of  stroke  and  to 
gain  nejw  knowledge  about  prevention  of  stroke. 

5.  Studies  of  the  relationship  between  various  cardiac  disorders  as  pre- 
cipitants  for  stroke  need  to  be  initiated. 

6.  The  undertaking  of  a controlled  study  to  determine  the  natural  history 
and  the  proper  management  of  asymptomatic  individuals  with  abnormalities 
of  the  aortocervico cranial  arteries  should  be  considered. 

7.  A systematic  postmortem  radiographic  and  anatomic  investigation  and 
analysis  of  the  anatomical  configuration  of  the  entire  aortocervico  cranial 
arterial  network  needs  to  be  done  in  order  to  determine  if  there  are  ana- 
tomical predictors  for  stroke  which  may  be  corrected. 

8.  Women  on  oral  contraceptive  medications  should  be  examined  carefully 
for  risk  factors  which  may  be  associated  with  an  increased  risk  of  cerebro- 
vascular complications . There  is  a need  to  develop  contraceptive  techniques 
which  will  eliminate  the  increased  risk  of  cerebral  infarction  which  is 
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associated  utith.  the  use  cvJVtQ.nt  pharmacological  agent*,  in  certain  pop- 
ulation groups. 

9.  further  research  is  needed  on  the  possible  ejects  ofa  transitory 
elevations  on  reductions  in  arterial  blood  pressure  as  precipitant*  fion 
stroke. 
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C . PERIPHERAL 


Current  State  of  Knowledge 

Atherosclerosis  of  the  peripheral  arteries  affects  the  function  of  many 
organs  and  tissues,  primarily  the  extremities.  Veins  are  involved  less 
generally  with  atheroma  formation,  but  in  the  presence  of  venous  hypertension 
(as  in  portal  hypertension)  atheroma  can  form  in  the  affected  veins. 

Atherosclerosis  does  not  uniformly  affect  the  entire  anatomic  extent  of  a 
vessel.  The  involvement  is  "segmental"  or  discontinuous,  and  this  fact 
permits  the  several  reconstructive  procedures  now  employed  in  peripheral 
vascular  surgery.  In  some  situations,  arteries  may  be  involved  only  at  their 
origins,  as  in  Takayasu's  disease  where  branches  of  the  arch  of  the  aorta  are 
involved  for  only  a short  extent  distal  to  their  origin  from  the  aortic 
arch.  The  distal  aorta  may  be  involved  to  the  point  of  complete  occlusion, 
but  the  process  usually  extends  proximally  for  only  a short  distance  above, 
its  bifurcation.  Interestingly,  the  development  of  an  obstructing  lesion  in 
an  artery  may  provide  some  protection  against  the  development  or  progression 
of  atheromatous  changes  distal  to  the  lesion. 

From  the  clinical  standpoint,  peripheral  atherosclerosis  causes  either 
obstruction  of  the  lumen  or  weakening  of  the  arterial  wall  resulting  in 
aneurysm.  The  suggestion  has  been  made  that  these  represent  two  entirely 
different  processes.  It  can  be  argued  whether  the  types  are  etiologically 
different,  but  certainly  their  natural  history  is  different. 

1.  The  obstructive  form.  This  form  of  atherosclerosis  seldom  causes 
complete  occlusion  of  the  aorta  except  at  or  near  its  bifurcation.  The 
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branches  of  the  aorta,  on  the  other  hand,  are  commonly  involved  and  often 
become  completely  occluded.  This  occurs  in  vessels  as  large  as  the 
innominate,  subclavian,  renal,  splanchnic,  and  iliac,  as  well  as  smaller 
vessels . 

2.  The  anuerysmal  form.  The  atherosclerotic  process  in  the  aorta  and  its 
largest  branches  may  result  in  aneurysmal  dilation.  Aneurysms  of  arteries 
smaller  than  the  common  carotids,  the  brachials,  and  the  popliteals  are  rare. 
Aneurysms  in  arteries  the  size  of  the  dorsalis  pedis  or  radial  and  ulnar  do 
occur,  but  are  likely  to  be  post-traumatic , syphilitic  or  congenital. 

If  the  atherosclerotic  process  leading  to  aneurysms  differs  from  that  leading 
to  obstruction  of  the  vessel  lumen,  it  is  reasonable  to  inquire  into  the 
nature  of  the  difference.  No  evidence  is  available  to  suggest  that  the  process 
involves  different  elements  of  the  vessel  wall.  If  the  media  and  elastica 
were  involved  in  the  aneurysmal  form,  and  the  intima  in  the  obstructive  form, 
the  development  of  aneurysm  in  the  one  and  obstruction  in  the  other  would 
be  understandable.  Evidence  for  such  selective  involvement  is  not  available. 

Since  aneurysms  develop  in  vessels  of  large  diameter,  it  is  possible  that  in 
the  large  arteries  and  in  the  aorta  itself  the  intraluminal  pressure  has  a 
greater  stretching  effect  than  upon  the  walls  of  the  smaller  vessels. 

According  to  the  LaPlace  relationship,  the  tension  in  the  arterial  wall  is 
a function  of  both  the  pressure  and  the  radius  of  curvature.  In  general, 
once  developed,  an  aneurysm  can  only  increase  in  size  and  eventually  rupture, 
since  the  wall  tension  (stress)  will  be  further  increased  by  a given  intra- 
luminal pressure  as  the  radii  of  the  curvature  of  the  aneurysmal  dilatation 
of  the  artery  increase  and  its  wall  becomes  thinner  (stress  = tension/wall 
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thickness).  Regardless  of  possible  differences  in  pathogenesis,  the  clinical 
implications  of  obstructive  disease  and  aneurysm  are  different.  Obstructive 
atherosclerosis  in  the  peripheral  arteries  carries  a high  morbidity  while 
aneurysm  carries  a high  mortality. 

Peripheral  Atherosclerosis  and  Diabetes.  A relationship  between  diabetes 
mellitus  and  atherosclerosis  is  generally  recognized.  Diabetic  patients 
develop  atherosclerosis  earlier  than  non-diabetic  individuals,  and  the  condition 
is  likely  to  be  more  extensive  and  to  involve  smaller  vessels.  Atherosclerosis 
is  more  common  and  more  severe  in  men  than  women  in  non-diabetics.  In  the 
presence  of  diabetes  atherosclerosis  is  equally  prevalent  and  severe  in  both 
sexes . 

Other  aspects  of  diabetes  mellitus  apart  from  its  relation  to  carbohydrate 
metabolism  are  associated  with  vascular  disease.  Anatomic  vascular  changes  have 
been  noted  in  the  microcirculation,  i.e.,  venular  micro-aneurysms.  Of  particular 
interest  is  the  genetic  concept  that  cellular  longevity  is  decreased  among 
diabetics  so  that  the  rate  of  cellular  replacement  is  increased. 

The  replacement  of  an  "old"  fibroblast  by  a "young"  one  with  increased 
frequency  may  be  associated  with  an  increased  accumulation  of  collagenous 
matrix  and  atherosclerosis. 

Other  changes  among  diabetics  are  important  in  terms  of  the  morbidity  of 
their  disease.  The  common  development  of  peripheral  neuropathy  allows  the 
patient  to  inflict  trauma  to  the  extremities  in  the  absence  or  near  absence 
of  pain.  The  microcirculation  loses  its  capacity  for  autoregulation  and 
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behaves  as  if  denervated.  These  vascular  characteristics  of  patients  with 
diabetes  are  important  in  terms  of  morbidity  and  mortality  from  atherosclerosis. 

Distribution  of  Lesions.  Obstructing  atheromatous  of  lesions  are  common  in 

arteries  as  large  as  those  arising  from  the  arch  of  the  aorta  and  its 
bifurcation.  Lesions  occur  fairly  frequently  at  the  bifurcation  of  the  aorta 
and  occasionally  involve  nearly  the  entire  abdominal  aorta  extending  above 
the  level  of  the  renal  arteries.  The  arteries  commonly  and  significantly 
affected  by  obliterative  atheromas  are  arteries  smaller  than  the  primary 
branches  of  the  aortq.  However,  the  internal  carotid  and  vertebral  arteries 
are  frequently  involved  and  even  more  commonly  the  lower  segments  of  the 
femoral  arteries^  the  popliteal  arteries,  and  their  distal  branches. 

Aneurysms  secondary  to  atherosclerosis  occur  in  the  aorta  and  its  large 
primary  branches,  i.e.  the  ascending  and  transverse  limbs  of  the  arch  of 
the  aorta,  the  entire  descending  aorta,  the  iliac  and  upper  femoral  arteries, 
and  the  popliteal  artieries . Below  this  level,  atherosclerotic  aneurysms  are 
very  rare.  They  are  less  common  in  arteries  which  supply  the  upper  extrem- 
ities than  in  those  which  supply  the  lower  extremities.  Blood  contained 
within  aneurysms  forms  layers  of  clots  against  the  wall  of  the  aneurysm. 

Rarely,  in  patients  with  small  aneurysms,  this  process  may  develop  to  the 
point  of  complete  occlusion.  Complete  obliteration  of  aneurysms  seldom 
occurs  in  the  large  arteries  including  the  aorta.  Occlusion  of  distal  arteries 
may  occur  when  pieces  of  thrombus  contained  within  aneurysms  break  off  and 
become  lodged  at  distal  bifurcations,  or  when  the  deposition  of  lamellae  of 
thrombus  progresses  to  the  point  of  encroaching  upon  the  ostia  of  tributary 
arteries . 
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Clinical  Stages  of  Peripheral  Atherosclerosis . Obstructive  arterial  disease 


may  pass  unnoticed  if  it  affects  the  flow  of  blood  through  arteries  which 
supply  tissues  and  parts  of  organs  not  essential  to  biologic 
processes.  Thus  minor  infarctions  of  parts  of  the  kidneys,  the  spleen, 
brain,  and  of  the  heart  itself  may  develop  without  causing  symptoms.  Large 
infarctions  which  affect  organs  or  parts  of  organs  which  serve  a vital 
irreplaceable  function,  however,  are  easily  recognized.  Such  infarctions 
may  result  in  disability  or  death. 

Obstructive  disease  of  the  arteries  can  interfere  with  blood  flow  to  an 
extent  insufficient  to  cause  infarction,  but  sufficient  to  prevent  the 
increases  in  flow  demanded  by  work  or  activity  beyond  the  basal  level. 
Intermittent  claudication,  and  "intestinal  angina"  are  examples  of  the 
consequences . 

Finally,  obstructive  disease  of  the  arteries  may  be  severe  enough  to  result 
in  reduced  circulation  under  basal  conditions  or  at  rest,  but  not  severe 
enough  to  cause  infarction.  Rest  pain  in  the  extremities,  usually  involv- 
ing the  toes  and  part  of  the  foot,  is  an  example  of  this  degree  of  obliterative 
disease . 

Preclinical  Atherosclerosis.  Atherosclerosis  of  the  peripheral  arteries  is 
a widespread  condition  affecting  people  of  all  nations.  Its  prevalence 
among  peoples  in  different  parts  of  the  world  is  known  to  vary,  but  the 
prevalence  in  any  specific  group  is  not  known  because  the  condition  remains 
occult  for  many  years,  in  many  cases  for  a lifetime.  Atherosclerosis  is 
only  rarely  found  in  infants  and  children;  beyond  the  age  of  40,  however, 
the  lesions  are  commonplace. 
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Some  idea  of  the  prevalence  of  asymptomatic,  but  clinically  detectable, 

atherosclerosis  can  be  obtained  from  a study  of  6,400  employees  in  pharma- 

1 

ceutical  companies.  As  many  as  7 percent  of  male  employees  were  found  to 
have  clinically  demonstrable  peripheral  arterial  occlusion.  Only  one 
third  of  them  had  symptoms  referrable  to  the  lesions. 

The  degree  to  which  arteries  which  supply  different  organs  in  the  same  indi- 
vidual develop  atherosclerosis  varies,  and  the  rate  of  progression  varies 
for  different  organs.  Lesions  progress  more  rapidly  in  diabetics  than  in 
non-diabetics  and  more  rapidly  in  men  than  in  women.  A clinical  impression 
suggests  that  certain  individuals  will  have  predominant  involvement  of 
arteries  in  one  or  another  of  the  vital  organs,  i.e.,  the  brain,  the  heart, 
and  the  kidneys.  These  vascular  beds  are  seldom  involved  to  the  same  extent, 

However,  some  16  percent  or  more  of  patients  with  peripheral  arterial  disease 

2 

also  have  symptomatic  involvement  of  the  coronary  arterial  circulation. 
Similarly,  patients  with  symptomatic  coronary  arterial  disease  often  will 

3 

have  evidence  of  peripheral  arterial  disease,  albeit  asymptomatic. 

Unresolved  Problems 

In  addition  to  unresolved  questions  pertinent  to  the  whole  area  of  athero- 
sclerosis detailed  in  the  sections  on  The  Lesion  and  on  Thrombosis,  certain 
specific  problems  in  presymptomatic  peripheral  atherosclerosis  may  be 
singled  out  as  examples  of  issues  needing  clarification. 

One  area  that  needs  clarification  is  the  physiology  and  pharmacology  of  the 
peripheral  circulation  in  diabetes.  Surprisingly  little  information  is 
available  concerning  the  responsiveness  to  humoral  and  neural  stimuli  of  blood 
vessels  in  diabetic  subjects  and  in  animals  with  experimental  diabetes. 
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Responsiveness  here  refers  not  only  to  the  contraction  of  smooth  muscle  but 
to  changes  in  the  properties  of  arterial  non-muscular  tissue  as  well. 

The  pathologic  characteristics  which  determine  the  progression  of  a 
peripheral  lesion  to  obstructive  disease  on  the  one  hand  or  to  aneurysmal 
disease  on  the  other,  are  not  yet  identifiable. 

The  actual  prevalence  of  asymptomatic  peripheral  atherosclerosis  is  not 
known  especially  among  the  young.  In  particular,  the  rate  of  progression  is 
unknown . 

Noninvasive  techniques  are  needed  to  assess  the  extent  of  peripheral 
atherosclerosis.  Some  progress  in  this  area  has  already  been  made  employing 
ultrasound  through  the  Doppler  and  echo  effects.  Additional  approaches, 
employing  resonance,  laser  beam,  and  other  techniques,  need  to  be  explored 
and  developed  with  the  prospect  of  identifying  plaques  within  arteries  and 
of  documenting  their  rate  of  growth  or  progression.  Further  refinements 
need  to  be  made  in  techniques  already  available. 

REC0MMENVAT10HS 

7.  The  epidemiology  o { presymptomatic  peripheral  arteriosclerosis , -Including 
prevalence  and  natural  history,  should  be  Investigated. 

1.  Instrumentation  mast  be  further  developed  {or  noninvasive  study  o{  blood 
vessels  in  man  to  obtain  data  concerned  with  prevalence  and  progression  o{ 
atherosclerosis  including  peripheral  atherosclerosis . 

3.  In  addition  to  research  on  the  heart  and  other  viscera,  emphasis  should 
be  placed  on  studies  o{  the  peripheral  vessels  because  they  are  more  readily 


185 


acce66tble  than  ol6  ceAal , caAdtac,  and  ceAebAal  aAteAteA  and  thuA  pA ovtde 
a uAefuZ  May  to  fiollou)  changes  tn  ath.2A06cI.eA0 tic  leJ>ion6  oveA  a peAlod  of 
time. 

4.  Vacttltiet  need  to  be  developed  Mkenein,  along  votth  ba6lc  A e6eaAck, 
6ample6  of  popuZcutio\i6  can  be  6tudled  60  06  to  obtain  Information  on  pAeva- 
lence  and  Aate  of  gAocoth  of  the  IcaIom  In  pAd> ymptomatlc  peAtpheAal 
atheA06cleAotic  &l6ea6e. 
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D.  PULMONARY 


Current  State  of  Knowledge 

Pulmonary  arteriosclerosis  of  the  taAgn  pulmonary  arteries  is  common 
beyond  age  40.  Its  occurrence  is  facilitated  by  pulmonary  arterial  hyper- 
tension. However,  per  se,  it  is  not  clinically  manifest. 

Arteriosclerosis  of  the  small  pulmonary  arteries  is  generally  associated 
with  severe  pulmonary  hypertension  and  unless  this  hypertension  either 
strains  the  right  heart  or  produces  angina-like  pain,  it  has  no  clinical 
significance.  Although  pulmonary  hypertension  is  of  great  clinical  interest, 
in  that  it  may  not  only  determine  the  natural  history  of  certain  types  of 
acquired  and  congenital  heart  disease  but  also  the  prognosis  after  surgery, 
study  of  this  form  of  arteriosclerosis  is  not  apt  to  bear  directly  on  the 
usual  types  of  large  vessel  arteriosclerosis  that  are  encountered  in  the 
systemic  circulation. 

Unresolved  Problems 

With  respect  to  the  pathogenesis  of  arteriosclerosis,  the  pulmonary  circu- 
lation provides  an  unusual  natural  setting  since  it  operates  at  a low 
blood  pressure  and  is  perfused  by  hypoxemic  blood.  Unfortunately,  oppor- 
tunities for  systematic  study  of  the  genesis  of  pulmonary  arteriosclerotic 
lesions  in  man  are  slim  because  of  the  paucity  of  clinical  material  for 
study  and  the  inability  to  define  the  temporal  sequence  of  anatomic  changes 
in  the  random  opportunities  that  do  occur. 

k&cormmdatton6 

7.  PaAtlcLitaA  attention  should  bn  pcuid  to  thn  patkognnn6ti>  otf  putmonaAy 
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arteriosclerosis , in  both  large  and  mall  vessels,  became  of  the.  unusual 
setting  of  low  pressure  and  hypoxemia.  In  addition,  attempts  should  be  made 
to  dissociate  the  influences  of  pressure,  flow,  viscosity , and  local  throm- 
bosis in  generating  the  arteriosclerotic  lesions  and  in  determining  local- 
ization in  the  smaller  pulmonary  arteries.  Not  only  the  segment  of  the  ves- 
sel affected,  but  also  the  reactions  of  internal  and  medial  layers  should  be 
studied.  The  etiologic  role  of  organized  thro mb o- emboli  in  the  pathogenetic 
sequence  of  pulmonary  arteriosclerosis  of  small  vessels  should  be  investi- 
gated. 

1.  Since  clinical  opportunities  to  settle  these  problems  will  undoubtedly 
remain  scarce,  the  development  of  animal  models  for  generating  replicas  of 
clinical  pulmonary  arteriosclerosis  should  be  encouraged.  These  studies 
should  make  provision  for  analysis  of  the  regression  of  the  lesions  as  well 
as  their  evolution. 
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V . OVERT  ATHEROSCLEROTIC  PI SEASE 


A.  CORONARY 


1.  Angina  Pectoris 
Current  State  of  Knowledge 

Angina  Pectoris  is  a clinical  syndrome  which  is  characterized  by  distinctive 
chest  pain  or  sensation  of  pressure,  often  radiating  to  the  upper  extremity, 
neck  or  jaws,  and  precipitated  by  walking,  other  exertion,  or  emotion.  The 
pain  is  usually  relieved  within  a few  minutes  by  rest  or  nitroglycerin  taken 
sublingually. 

The  mechanism  responsible  for  this  chest  discomfort  is  an  inadequate  blood 
supply  to  the  myocardium  with  respect  to  its  oxygen  needs  at  a given  time. 
Occasionally  angina  pectoris  is  due  to  aortic  valvular  disease  but  in  the 
large  majority  of  cases  it  is  associated  with  advanced  occlusions  of  the 
coronary  arteries  produced  by  atherosclerosis.  Such  occlusions  may  be 
demonstrated  by  coronary  angiography. 


Depending  on  the  degree  of  occlusion  and  the  adequacy  of  collateral  circula- 
tion, angina  pectoris  due  to  coronary  atherosclerosis  may  or  may  not  be 
associated  with  myocardial  infarction.  If  there  is  no  infarction  or  exten- 
sive scarring,  the  electrocardiogram  may  be  normal  while  the  patient  is  at 
rest.  However,  during  imposed  stress  such  as  exercise,  artificial  accelera- 
tion of  the  heart  by  way  of  a pacemaker  in  the  right  atrium,  or  by  means  of 
pharmacologic  agents  which  increase  the  work  of  the  heart,  the  inadequacy  of 
coronary  blood  flow  may  be  exposed  and  characteristic  changes  in  the  electro- 
cardiogram, notably  depression  of  the  ST  segment,  become  apparent. 


189 


Angina  pectoris  usually  runs  a long  course  during  which  symptoms  occur 
intermittently  with  certain  stresses  and  subside  rapidly,  and  there  is 
relatively  little  disability.  This  is  termed  stable  angina.  From  time  to 
time  angina  pectoris  becomes  intensified  (unstable)  either  because  of  severe 
or  persistent  stress,  progression  in  the  severity  of  the  occlusive  process, 
or  a new  coronary  occlusion.  An  unexplained  increase  in  severity  or  fre- 
quency of  anginal  discomfort,  especially  if  unresponsive  to  nitroglycerin, 
often  indicates  impending  or  actual  acute  myocardial  infarction.  Eventually 
most  patients  with  angina  pectoris  experience  one  or  more  myocardial  infarc- 
tions. Sudden  death  is  a frequent  form  of  demise  irrespective  of  the 
development  of  acute  or  healed  myocardial  infarction. 

In  general  the  long-term  prognosis  of  patients  with  angina  pectoris  is 
worse  in  the  presence  of  coexisting  hypertension,  congestive  failure  or 
cardiac  enlargement.  Recently,  prognosis  has  been  shown  to  correlate  well 
with  the  severity  of  the  atherosclerotic  narrowing  of  the  coronary  arteries 
displayed  by  angiography. 

Medical  treatment  is  generally  directed  toward  relieving  symptoms  and  is 
often  unsatisfactory.  Consequently,  many  surgical  procedures  have  been 
tried  in  the  attempt  to  relieve  or  eliminate  angina  pectoris  by  increasing 
the  blood  flow  to  the  potentially  ischemic  portion  of  the  myocardium.  Until 
recently  surgical  intervention  was  of  dubious  value;  currently,  operations 
are  in  vogue  which  create  a shunt  from  the  aorta  to  the  coronary  artery 
using  a section  of  vein  from  elsewhere  in  the  body,  thereby  detouring  blood 
flow  to  the  heart  past  the  site  of  obstruction.  This  by-pass  procedure 
holds  more  promise  of  symptomatic  relief  than  any  previous  procedure  even 
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though  its  full  value  and  precise  role  in  the  management  of  angina  pectoris 
still  remain  to  be  clarified. 

Unresolved  Problems 

Myocardial  ischemia  is  the  probable  cause  of  angina  pectoris.  However,  the 
precise  mechanism  responsible  for  the  chest  pain  or  pressure,  the  reasons 
for  the  variability  of  the  clinical  syndrome  in  different  patients  and  even 
in  the  same  patient  at  different  times,  and  the  mechanisms  responsible  for 
angina  pectoris  which  occurs  without  apparent  occlusive  disease  of  the 
coronary  arteries,  and  without  other  explanation  are  unresolved  problems. 

There  is  no  satisfactory  noninvasive  method  for  determining  myocardial 
blood  flow  and  its  regional  distribution.  Since  the  diagnosis  of  angina 
pectoris  implies  an  abnormality  of  the  coronary  blood  flow,  lack  of  such 
methods  impairs  the  reliability  of  diagnosis.  At  present  the  physician 
depends  upon  indirect  indices  in  order  to  determine  the  adequacy  of  the 
coronary  circulation;  these  include  the  patient's  symptoms  and  the  electro- 
cardiogram at  rest  and  during  exercise.  These  indices  are  neither  very 
sensitive  nor  highly  specific.  Although  improvements  in  the  technical  as- 
pects of  "stress  electrocardiography"  continue  to  be  developed,  such  indirect 
tests  have  inherent  limitations  for  the  assessment  of  the  adequacy  of  the 
coronary  circulation.  Disagreement  persists  concerning  the  indications  for 
coronary  angiography  because  of  some  morbidity,  occasional  mortality,  and 
considerable  expense. 

Methods  for  identifying  those  patients  with  angina  pectoris  who  are  at 
highest  risk  of  acute  myocardial  infarction  or  sudden  death  are  sorely 
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needed  since  the  proper  application  of  pharmacologic  agents,  surgical 

procedures,  or  other  therapeutic  measures  may  help  to  delay,  or  to  prevent, 

these  complications.  The  merits  and  indications  for  the  use  of  long-acting 

1 2 

nitrates  and  beta-adrenergic  blocking  agents  in  angina  pectoris  * are  also 
unresolved.  Better  anti-anginal  drugs  than  those  currently  available  are 
urgently  needed. 

The  role  of  coronary  artery  bypass  surgery  in  patients  with  angina  pectoris 
is  still  undetermined.  The  widespread  acceptance  of  the  operation  makes  it 
difficult  to  perform  a randomized,  controlled  study.  On  the  other  hand, 
there  are  enormous  gaps  in  our  knowledge  of  the  natural  history  of  angina 
pectoris  and  especially  in  our  capacity  to  predict  the  natural  course  in 
individual  patients.  Without  such  knowledge,  it  is  extremely  difficult  to 
assess  the  benefits  of  coronary  surgery  with  respect  to  the  patient's 
development  of  coronary  complications,  longevity,  and  even  with  respect  to 
the  alleviation  of  anginal  pain.  The  long-term  results  of  the  operation 
with  respect  to  patency  of  the  venous  graft,  run-off  of  coronary  flow  be- 
yond the  graft,  and  late  complications  or  mortality,  are  as  yet  unknown. 

Still  unclear  is  the  degree  of  correlation  among  the  coronary  angiographic 
findings,  the  clinical  manifestations,  and  the  electrocardiographic  findings 
with  stress  tests.  Also,  the  role  of  exercise  and  the  definition  of  suita- 
ble types  of  exercise,  still  has  to  be  established  for  patients  with  angina 
pectoris . 
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ReeommendatlonA 


7.  UonlnvaAlve  teehnlqueA  should  be  impnoved  on  developed  fan  the  eanly 
detection,  pneeiAe  dlagnoiiA,  and  denial  itudleA  o&  eononany  a£henoi>clenot>iA 
■In  patlentA  with  angina  peetoniA . 

2.  The  national  hiAtony  angina  peetoniA  oa  a baAiA  fan  evaluating 
therapeutic  IntenventlonA  should  be  studied. 

3.  Mone  elective  ckugA  fan  the  contnol  ofi  angina  peetoniA  should  be 
developed. 

4.  Objective  evaluation  and  Atandandlzatlon  ofi  exeneiAe  pnognamt>  fan  the 
to. eatment  o patlentA  with  angina  peetoniA  Ia  neeommended. 

5.  The  Aungleal  tneatment  o&  angina  peetoniA  by  eononany  bypaAi>  should  be 
enltleally  aAi>eAi>ed  and  itA  plaee  In  managing  angina  peetoniA  should  be 
defined. 

2.  Myocardial  Infarction 
Current  State  of  Knowledge 

It  is  generally  believed  that  myocardial  infarction  is  a consequence  of 
acute  occlusion  of  a coronary  artery  by  formation  of  a thrombus  on  an 
atherosclerotic  plaque  with  subsequent  necrosis  of  myocardium  if  the 
collateral  circulation  is  inadequate.  On  the  other  hand,  some  pathologists 
believe  that  myocardial  infarction  usually  occurs  without  antecedant  coro- 
nary thrombosis.  This  infarction  without  thrombosis  is  most  likely  to  occur 
in  patients  with  chronic  angina  pectoris  or  in  persons  without  previous 
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clinical  manifestations  of  coronary  arteriosclerosis.  Nonetheless,  both 
groups  usually  experience  premonitory  chest  pressure  or  pain  within  a few 
hours  or  days  preceding  the  actual  infarct.  In  those  with  chronic  angina 
pectoris  the  outstanding  feature  is  a change  in  the  pattern  of  the  pain  or 
discomfort:  these  premonitory  symptoms  persist  longer,  occur  more 

frequently  and  with  less  provocation,  or  even  without  apparent  cause 
(Figures  1 and  2) . 

When  acute  myocardial  infarction  does  occur,  it  is  generally  diagnosed  on 
the  basis  of  chest  pain  or  pressure  which  is  usually  of  greater  severity 
than  that  of  angina  pectoris  and  persists  longer,  often  for  several  hours, 
until  it  subsides  spontaneously  or  is  relieved  by  opiates.  The  diagnosis 
is  confirmed  by  electrocardiographic  changes  (pathologic  Q waves,  RST 
segment  elevations  and  T wave  inversions)  with  progressive  alterations  in 
serial  electrocardiograms.  When  the  infarct  does  not  extend  from  endocar- 
dium to  epicardium  (transmural)  but  is  limited  to  the  subendocardial  area 
or  is  patchy  and  intramural,  there  may  be  no  abnormal  Q waves,  and  only 
non-specific  changes  may  be  seen.  Both  in  transmural  and  non-transmural 
myocardial  infarction  the  diagnosis  is  also  confirmed  by  increased  con- 
centrations in  the  serum  of  specific  enzymes  released  by  the  infarcted 
heart  muscle.  Since  the  coronary  thrombosis  and  myocardial  infarction  may 
evolve  over  a period  of  several  days,  fully  diagnostic  electrocardiographic 
and  enzyme  changes  may  not  become  apparent  until  several  days  after  the 
onset  of  the  acute  attack. 

The  danger  of  a fatal  outcome  of  acute  myocardial  infarction  is  related  to 

pump  failure  (cardiogenic  shock,  acute  pulmonary  edema)  arrhythmias  (most 

often  ventricular  fibrillation),  cardiac  standstill  or  rupture  of  the  heart 

Pulmonary  embolism,  pericarditis,  congestive  heart  failure,  rupture  of  the 
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FIGURE  2 
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interventricular  septum  or  papillary  muscle  are  other  important  compli- 
cations . 

Approximately  50  percent  of  all  deaths  from  acute  myocardial  infarction 

occurs  in  the  first  two  hours  of  the  attack,  before  the  patient  can  gain  access 

to  the  monitoring  and  treatment  that  can  be  provided  by  a coronary  care 
3 

unit.  Death  is  usually  due  to  a serious  arrhythmia  which  may  often  be 
prevented  or  eliminated  if  appropriate  treatment  can  be  instituted 
promptly.  Most  patients  in  an  urban  coronary  care  unit  arrive  more  than 
three  hours  following  onset  of  their  chest  pain  and  the  mean  delay  is  7 to 
8 hours. ^ This  delay  is  due  chiefly  to:  patient  procrastination  in  calling 
a physician  either  because  of  ignorance  of  the  diagnostic  significance  and 
seriousness  of  symptoms  or  because  of  psychological  reasons  (denial  of 
symptoms,  unwillingness  to  disturb  a physician  at  night,  fear  of  hospitali- 
zation, hope  for  early  spontaneous  subsidence  of  symptoms);  physician's 
delay  in  responding  or  arranging  immediate  coronary  care  because  of 
uncertainty  as  to  diagnosis,  difficulties  in  communication  or  logistics; 
delay  in  transportation  to  obtain  coronary  care;  and  delay  within  the 
emergency  room  or  elsewhere  in  the  hospital. 

Next  to  sudden  or  early  death  from  acute  myocardial  infarction  cardiogenic 
shock  is  the  major  cause  of  death,  the  mortality  ranging  from  80-90  percent 
or  higher  depending  on  the  criteria  for  shock. The  treatment  for  cardio- 
genic shock  is  usually  unsatisfactory.  Fluid  replacement,  the  use  of  vaso- 
pressor drugs  and  drugs  to  stimulate  the  heart,  the  use  of  oxygen,  and 
control  of  arrhythmias  and  electrolyte  disturbances  are  the  mainstays  of 
medical  treatment  of  cardiogenic  shock  but  they  are  usually  ineffective. 
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Consequently  efforts  are  being  made  to  treat  cardiogenic  shock  by  means  of 
circulatory  assist  devices  (chiefly  by  appropriately  timed  pumping  of  a 
balloon  inserted  into  the  descending  aorta) . On  occasion  shock  has  been 
treated  by  surgical  insertion  of  a venous  graft  bypassing  the  coronary 
occlusion;  this  is  a specialized  procedure  involving  coronary  angiography 
while  the  circulation  is  being  assisted  by  aortic  balloon  pumping  and  the 
talents  of  an  expert  surgical-medical  team. 

The  ventricular  septum  or  papillary  muscle  may  rupture  if  infarcted.  This 
complication  is  usually  easy  to  recognize.  Although  prompt  surgical  inter- 
vention may  be  life  saving,  delay  in  surgical  treatment  is  desirable,  if 
possible . 

Early  treatment  of  acute  myocardial  infarction  in  coronary  care  units  is 
becoming  widespread.  In  some  areas  emergency  ambulances  equipped  as 
mobile  coronary  care  units  attempt  to  provide  resuscitation  and  modern 
coronary  care  promptly,  wherever  the  patient  happens  to  be,  in  an  effort 
to  stabilize  his  condition  until  he  can  be  brought  to  a hospital  coronary 
care  unit.  Similar  coronary  care  facilities  are  being  established  in  "life 
support  stations"  or  emergency  areas  in  large  industrial  plants,  office 
buildings,  and  stadiums.  Coronary  care  treatment  is  especially  concerned 
with  the  vigorous  treatment  of  arrhythmias  which  predispose  to  or  herald 
life-threatening  arrhythmias  (ventricular  tachycardia  and  ventricular 
fibrillation) . Drugs  such  as  atropine  for  slow  cardiac  rates  (bradyarrhy- 
thmias)  and  lidocaine  for  ventricular  premature  beats  and  arrhythmias  with 
rapid  rates  (tachyarrhythmias)  can  be  administered  out  of  the  hospital. 
Within  the  hospital  more  specialized  approaches  such  as  the  transvenous 
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insertion  of  pacemakers  for  heart  block  or  very  slow  heart  rates  which  do 
not  accelerate  after  administering  atropine,  are  important  forms  of  therapy. 

As  a result  of  prompt  and  intensive  treatment  in  coronary  care  units,  the 

hospital  mortality  from  acute  myocardial  infarction  has  been  reduced 

appreciably,  i.e.  from  about  30  percent  to  15-20  percent,  essentially  by 

7 8 

reducing  deaths  from  arrhythmias.  ’ 

The  value  of  anticoagulation  therapy  in  acute  myocardial  infarction  is  the 
subject  of  continuing  controversy.  However,  it  is  in  common  use  on  the 
premise  that  it  reduces  the  incidence  of  thromboembolic  complications  and, 
perhaps,  mortality.  Its  importance  has  diminished  as  patients  are  permitted 
greater  freedom  of  movement  in  bed,  are  encouraged  to  sit  on  a chair  or 
commode  very  early,  and  are  ambulated  much  earlier  than  formerly.  Also,  the 
overall  therapeutic  importance  of  anticoagulant  therapy  has  been  greatly 
diminished  as  pulmonary  embolism  has  become  relatively  unimportant  as  a 
cause  of  death  in  comparison  with  the  other  complications  noted. 

Unresolved  Problems 

Whether  an  acute  myocardial  infarct  results  from  thrombosis  of  a coronary 
artery  or  whether  the  thrombus  develops  secondary  to  the  infarct,  is  still 
being  debated.  If  the  latter  is  the  case,  the  cause  of  the  infarct  is  not 
clear. 

A variety  of  influences  have  been  considered  to  be  etiologically  related 
to  acute  myocardial  infarction.  Among  these  are  dietary,  metabolic,  re- 
flex, and  hormonal  factors  and  psychologic  disturbances.  However,  proof  of 
their  relationship  and  assessment  of  their  relative  contributions,  is  not 
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yet  available.  If  this  assessment  could  be  made,  the  way  would  be  opened 
to  preventive  cardiology.  The  diagnosis  of  angina  that  will  culminate  in 
myocardial  infarction  in  hours  to  days  ("preinfarction  angina")  is  of  critical 
importance  because  of  the  high  mortality  in  the  first  few  hours  after  the 
actual  infarction.  If  such  diagnosis  could  be  made  with  a low  incidence  of 
false  alarms  it  would  be  possible  to  admit  the  patient  to  a pre-coronary  care 
area  where  immediate  treatment  could  be  instituted  as  soon  as  the  infarct 
occurred  or,  hopefully,  prophylactic  measures  could  be  developed  to  prevent 
the  infarct. 

Another  important  problem  is  presented  by  the  delay  on  the  part  of  the 
patient  with  acute  myocardial  infarction  in  gaining  entry  into  a system  of 
modern  coronary  care.  The  major  problem  consists  of  educating  and  influ- 
encing patients  to  seek  prompt  coronary  care,  but  delays,  once  the  patient 
decides  to  seek  assistance,  also  need  to  be  avoided. 

There  is  uncertainty  as  to  how  often  fatal  arrhythmias  in  the  first  few  hours 
are  preceded  by  bradycardia  or  by  ventricular  premature  beats  and  whether 
or  how  often  control  of  these  preceding  arrhythmias  would  reduce  sudden  or 
early  death. 

In  the  coronary  unit  there  is  uncertainty  as  to  the  precise  indications  for 
the  use  of  various  drugs,  the  control  of  dosage,  and  sometimes  the  choice  of 
drugs.  There  is  a problem  in  treating  certain  arrhythmias  which  persist 
despite  the  use  of  the  conventional  drugs  in  the  conventional  dosage.  The 
indications  and  value  of  pacemakers  in  acute  myocardial  infarction  are  still 
undetermined. 
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Cardiogenic  shock  still  carries  a grim  prognosis  and  lacks  a standardized 
therapeutic  approach.  Particularly  unclear  are  the  roles  of  circulatory 
assistance,  the  performance  of  coronary  angiography,  and  of  coronary 
surgery. 

There  is  uncertainty  as  to  the  merit  and  indications  for  myocardial  resection, 
inf arctectomy , or  coronary  bypass,  as  treatments  for  acute  myocardial 
infarction. 

Another  problem  is  that  of  rehabilitation.  The  indications  for  most  important 
measures  in  and  effectiveness  of  rehabilitation  programs  following  acute 
myocardial  infarction  need  to  be  resolved.  The  role  of  exercise  needs  to 
be  determined  for  those  who  have  suffered  an  acute  myocardial  infarct  as 
well  as  for  those  with  angina  pectoris.  Whether  long-term  anticoagulation 
should  be  administered  and  the  duration  of  such  treatment  are  questions 
still  not  fully  answered. 

Recommendations 

1.  The  National  deant  and  Lung  Institute  should  examine  the  tcaslblllty  ofi 
an  educational  pnognam  designed  to  Inform*  the  lay  public,  physicians  and 
allied  health  personnel,  Including  nunses  and  personnel  In  hospital  ernen- 
gency  nooms  o t the  uAgency  ot  Immediate  treatment  at  the  onset  ot  chest 
pain  on  pnetsune  suggesting  myocandlal  Intonation.  The  pnognam  should  de- 
fine simple,  minimal  cnltenla  o t pnobable  acute  myocan.dlal  Intonation  on  ot 
Impending  myocandlal  Intonation. 

2.  Systems  ton  facilitating  eanly  cane  ot  the  patient  should  be  developed. 
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Such  AyAtemA  should  provide  foA  adequate  communication  and  tAanspoAtatlon, 
and  f on.  Aatetllte  life  AuppoAt  Atatlons  tn  IndustAlat  plants,  AtadlumA, 
taAge  office  b wilding  A , and  otfie a locations  wheAe  concent/iatlons  o f Auscep- 
tlble  pe/isons  may  be  expected. 

3.  The  tnctdence  and  Algnlflcance  of  bAadycaAdla  and  v enlAlculaA  a/tAhyth- 
mlas  tn  the  flnst  two  on  tinA.ee  hou/is  of  acuate  myocaAdtat  InfaActlon  Ahould 
be  deteAmlned.  If  it  appea/iA  deAlAable  an  evaluation  Ahoutd  be  made  as  to 
the  f easlbltlty  and  effectlvencsA  o f a elf- Injection  o f alAoplne  foA  bAady- 
caAdla and  o f tidocuine  foA  ventAlcutaA  aAAhythmlas  oa  Aoon  oa  acute  myocaA- 
dlal  InfaActlon  tA  AuApected. 

4.  MoAe  AyAtemattc  data  Ahoutd  be  obtained  oa  to  the  natuAe,  f Aequency  and 
Algnlflcance  of  pAodAomal  AijmptomA  of  acute  myocaAdtat  InfaActlon,  dlffeA- 
entlatlon  fAom  AimltoA  AymptomA  which  may  be  misleading , and  the  duAatlon 
between  the  waAnlng  AymptomA  and  the  actual  acute  InfaAct.  The  pAophy lactic 
efficacy  o f ACAt,  antlaAAhythmlc  and  othoA  dAugA  adnlnisteAed  duAlng  thlA 
InteAval  Ahould  be  evaluated. 

5.  The/ te  Ahoutd  be  agAement  upon  a definition  and  c/uleAla  foA  caAdlogentc 
Ahock  In  acute  myocaAdtat  InfaActlon  which  will  Aosult  In  unlfoAmily  In 
collection  of  data,  pAognoAtlc  indlceA , and  evaluation  of  theAapeuttc 
meoAuAeA . 

6.  ConAldeAatlon  Ahoutd  be  given  to  the  advisability  of  a national  AeglAtAy 
of  peAAonA  with  coAonaAy  hca/vt  disease. 

7.  TheAe  needs  to  be  Investigation  of  methods  foA  deteAmlnlng  the  Alze  of 
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myocardial  infarcts  as  a basis  for  categorizing  cases,  correlating  Aize  of 
infarct  with  occurrence  of  Akock,  eAtimating  prognoAiA  and  evaluating 
therapy. 

8.  The  Atudy  of  noninvaAive  techniques  for  measuring  regional  myocardial 
blood  flow  in  acute  myocardial  infarction  should  be  supported. 

9.  The  prognosis  of  the  various  subgroups  of  patients  with  acute  myocardial 
infarction  [classified  according  to  clinical , hemodynamic  and  metabolic 
variables)  requires  further  definition.  Current  efforts  toward  this  goal 

by  the  Myocardial  Infarction  Branch  deserve  continued  support. 

10.  Uniform  criteria  should  be  set  for  cardiogenic  shock  as  a prerequisite 
for  evaluating  treatment.  Balloon  pumping  and  other  circulatory  assistance 
must  be  evaluated.  From  the  various  parameters  noted  above  efforts  should 
be  made  to  identify  early  the  patients  who  are  likely  to  require  circulatory 
assistance  since  effectiveness  may  depend  on  early  intervention. 

11.  It  is  Important  to  continue  support  of  programs  for  development  of 
animal  models  for  acute  myocardial  infarction,  aimed  at  improved  understand- 
ing of  its  electrophysiological  and  hemodynamic  consequences  and  their 
treatment. 

12.  A study  Is  needed  of  methods  to  prevent  extension  of  initial  myocardial 
Infarction  by  reducing  oxygen  consumption,  e.g.  by  drugs  and  promoting  blood 
supply.  The  usefulness  and  indications  for  performing  coronary  angiography 
and  coronary  bypass  for  pre- infarction  angina  should  be  evaluated. 
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13.  CoHonany  acme.  unttA  oh  ooHonany  00/12.  bodA  AkouZd  bo  pHovtdod  on.  tnoHoaAod 
wkono  thoy  a/10  not  now  avcuZabto  oh  oho  tnadoquato.  Tho  o^oottvonoAA  ofi 
coHona/iy  00/10  unttA  6kouZd  bo  HopoatodJLy  ovatuatod  and  upgnadod  whon 
noooAAany. 

3 . Sudden  Death 
Current  State  of  Knowledge 

Sudden  death  refers  to  natural  death  occurring  unexpectedly  within  24  hours 
of  the  onset  of  acute  symptoms  and  signs.  It  is  regarded  as  unexpected  in 
that  the  victim  was  not  confined  to  home  or  hospital  and  appeared  to  be  able 
to  conduct  a relatively  normal  life.  When  sudden  death  is  due  to  coronary 
atherosclerosis  it  usually  occurs  almost  instantaneously  or  within  an  hour 
of  the  onset  of  acute  symptoms  or  signs. 

The  mechanism  of  coronary  sudden  death  is  often  unknown  but  in  many  patients 
studied  at  the  time  of  occurrence,  it  appears  to  have  been  due  to  or  asso- 
ciated with  ventricular  fibrillation.  Less  often  it  is  due  to  cardiac  stand- 
still. The  almost  instantaneous  occurrence  of  sudden  death  in  other 
patients  who  are  observed  but  not  monitored  at  the  time  of  the  event  also 
suggests  that  death  results  from  an  arrhythmia  producing  cardiac  arrest. 

Sudden  death  is  responsible  for  about  60  percent  of  the  fatalities  from 

9 

coronary  arteriosclerotic  heart  disease.  In  50-65  percent  of  persons 

dying  suddenly  there  is  a previous  history  or  symptoms  of  coronary  heart 

disease  and  approximately  20  percent  of  those  who  died  suddenly  had  con- 
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suited  a physician  during  the  previous  week.  * Statistics  on  sudden 
death  are  inadequate  and  unsatisfactory. 
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Sudden  death  in  persons  with  coronary  atherosclerosis  may  occur  1)  during 
the  preclinical  stage,  i.e.,  in  previously  asymptomatic  persons;  2)  in 
patients  with  stable  or  unstable  angina  during  the  course  of  pain  or  in  its 
absence;  3)  in  patients  with  previous  myocardial  infarction  with  or  without 
post-infarction  angina;  and  4)  in  the  course  of  acute  myocardial  infarction 
especially  in  the  first  three  hours. 

The  pathology  of  sudden  death  is  uncertain.  In  medical  examiners'  cases  of 
sudden  death,  coronary  atherosclerosis  with  severe  stenosis  is  more  common 
than  fresh  coronary  thrombosis  or  acute  myocardial  infarction.  In  several 
series  of  cases  of  sudden  cardiac  death  there  was  a history  of  previous 
myocardial  infarction  in  30  percent. 

Efforts  have  been  made  to  identify  asymptomatic  persons  likely  to  experience 
sudden  death.  The  identifiable  factors  which  have  been  implicated  include 
cardiac  enlargement,  bundle  branch  block  or  heart  block  observed  after  the 
onset  of  myocardial  infarction,  the  presence  of  ventricular  premature  beats 
especially  in  association  with  left  ventricular  hypertrophy  or  electrocar- 
diographic evidence  of  myocardial  damage,  prolonged  Q-T  interval  in  the 
electrocardiogram,  abnormal  electrocardiographic  response  to  stress  tests, 
and  history  of  cardiac  syncope.  It  is  known  that  the  great  majority  of 
persons  dying  suddenly  from  coronary  disease  have  been  characterized  by  at 
least  one  of  the  major  risk  factors,  i.e.,  hypertension,  hypercholesterol- 
emia, or  a history  of  cigarette  smoking. 

Unresolved  Problems 

There  are  inadequate  and  unreliable  data  as  to  the  incidence  and  circum- 
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stance  of  occurrence  and  other  features  in  the  epidemiology  of  sudden 
death . 

It  is  uncertain  whether  the  mechanism  of  sudden  death  is  always  ventricular 
fibrillation  or  cardiac  standstill.  In  addition  there  is  lack  of  knowledge 
as  to  their  relative  frequency  and  the  circumstances  under  which  one  or  the 
other  is  operative. 

The  basic  electrophysiology  including  the  precise  mechanism  which  initiates 
fatal  arrhythmias  is  uncertain  or  unknown. 

The  mechanism  responsible  for  sudden  death  in  preclinical  coronary  arterio- 
sclerosis and  in  the  absence  of  coronary  thrombosis  or  myocardial  infarction 
is  unknown.  It  is  not  possible  to  predict  accurately  the  individuals  who 
will  die  suddenly  or  especially  to  predict  those  who  will  die  suddenly 
within  a brief  period  of  time. 

The  premonitory  manifestations  of  sudden  death,  if  such  exist  except  in  those 
with  preinfarction  angina  or  early  myocardial  infarction,  are  unknown. 

The  histopathology  of  sudden  death  is  unknown  and  it  is  not  possible  to 
determine  from  pathologic  examination  that  a person  died  suddenly.  The  rela- 
tion of  sudden  death  to  lesions  in  the  conduction  system,  congenital  or 
acquired,  or  to  disturbance  in  the  blood  supply  of  the  sinus  or  atrioventric- 
lar  nodes  has  not  been  established. 

We  are  unable  to  consistently  prevent  recurrent  arrhythmias  which  may  lead 
to  sudden  death  by  available  drugs  or  other  therapeutic  modalities  in  pre- 
sumably susceptible  persons  such  as  those  with  healed  myocardial  infarction 
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or  angina  pectoris. 


Recommendations 

1.  A u ni^osim  definition  of  sudden  death  should  be  fonmulated  and  a unifonm 
protocol  should  be  followed  fon  gathering  data  a 6 to  the  chasiactesiistics  of 
pesisons  Mho  die  suddenly,  possible  n isk  factosis  and  wanning  symptom. 

2.  Pathologic  studies  should  be  undertaken  with  new  histochemical  on.  othen 
techniques  to  discover  easily  celtulan  changes  which  might  s enve  as  the 
pathologic  basts  o f sudden  death  and  explain  its  mechanism. 

3.  Pathophysiologic  [electsiophysiologic)  studies  should  be  made  to  eluci- 
date the  mechanisms  of  asinhythmias  and  thein  sielation  to  sudden  death  with 
special  nefesience  to  the  occusuience  o f ventricular  fZbsUliation  and  stand- 
still. The  sielation  of  hypoxia,  changes  in  pH  and  electsiolytes  and  of  otheA 
possible  Radons  to  the  development  of  these  f atal  asinhythmias  should  be 
investigated.  Animal  models  to  pesimit  the  induction  of  vasiious  asinhythmias 
by  multiple  techniques  need  to  be  developed. 

4.  Vhasunacologic  investigations  should  be  f ostened  to  pnoduce  new  anti- 
asinhythmic  dsiugs  and  test  thein  efficacy.  Animal  models  should  be  developed 
to  test  these  dsiugs  and  simulate  the  asinhythmias  associated  with  myocandial 
ischemia  and  infarction  siathen  than  asinhythmias  caused  by  digitalis,  epi- 
nephnine  on  autonomic  stimuli.  The  efficacy  oft  cuSinently  available  dsiugs 

in  the  long-tesm  pnevention  of  asinhythmias  and  sudden  death  should  be 
assessed. 

5.  A negistsiy  of  high  risk  pesisons  should  be  developed  to  identify  likely 
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candidates  fioa  sudden  death  not  only  with  aespect  to  expediting  treatment 
but  also  to  collect  Information  which  could  lead  to  Improved  methods  of 
diagnosis  and  to  improve  our  understanding  of  the  natural  history  o f the 
disease. 

4.  Congestive  Heart  Failure 
Current  State  of  Knowledge 

Congestive  heart  failure  may  occur  in  patients  with  coronary  atherosclerotic 
heart  disease  either  during  acute  myocardial  infarction  or  after  the  myo- 
cardial infarct  has  healed.  In  acute  myocardial  infarction  it  is  a mani- 
festation of  pump  failure  and  may  be  associated  with  cardiogenic  shock  or 
not.  Minor  degrees  of  left  heart  failure  may  be  apparent  as  interstitial 
pulmonary  edema,  basilar  pulmonary  rales,  dyspnea,  orthopnea  at  rest,  or 
there  may  be  frank  clinical  pulmonary  (alveolar)  edema.  Severe  degrees  of 
heart  failure  are  associated  with  high  rates  of  mortality,  exceeding  40  per- 
cent. If  shock  is  also  present  the  mortality  is  80  percent  or  more.^  Mild 
or  moderate  degrees  of  heart  failure  subside  as  the  infarct  heals,  or  with 
therapy  including  use  of  digitalis  and  diuretics,  control  of  arrhythmias, 
and  restriction  of  sodium  and  fluid  intake. 

Severe  acute  left,  or  left  and  right  heart  failure,  may  occur  during  the 
course  of  the  acute  infarct  as  a result  of  rupture  of  a papillary  muscle  or 
rupture  of  the  interventricular  septum.  When  acute  heart  failure  results 
from  these  complications,  medical  treatment  is  undertaken  and  may  permit 
delaying  surgery  until  a more  favorable  time.  Heart  failure  may  also  be 
precipitated  by  an  arrhythmia  or  pulmonary  embolism  for  which  appropriate 
treatment  is  instituted  and  is  often  effective. 
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When  congestive  heart  failure  becomes  manifest  after  healing  of  the  infarct, 
it  is  generally  the  result  of  a complicating  ventricular  aneurysm,  mitral 
regurgitation  due  to  dysfunction  of  the  papillary  muscle,  or  to  extensive 
akinetic  or  dyskinetic  areas  of  myocardium  representing  healed  (scarred) 
areas  of  myocardial  necrosis.  In  general,  heart  failure  due  to  coronary 
atherosclerotic  heart  disease  in  a patient  without  acute  myocardial  infarc- 
tion is  due  not  to  myocardial  ischemia  alone  but  to  the  consequences  of 
preceding  myocardial  infarction.  These  consequences  include  rupture  of  the 
interventricular  septum  or  of  a papillary  muscle,  papillary  muscle  dysfunc- 
tion producing  mitral  regurgitation,  ventricular  aneurysm,  or  extensive 
scarring.  However,  occasionally  heart  failure  is  present  in  a patient  with 
angina  pectoris,  an  abnormal  electrocardiogram  and  cardiac  enlargement  but 
without  a history  of  myocardial  infarction  and  without  specific  evidence  of 
healed  myocardial  infarction  in  the  electrocardiogram.  Nevertheless,  based 
upon  subsequent  autopsy,  the  underlying  pathology  is  healed  myocardial  in- 
farction with  scarring,  with  or  without  aneurysm  or  other  complications 
noted  above. 

Unresolved  Problems 

Although  heart  failure  in  acute  myocardial  infarction  is  due  to  myocardial 
damage,  there  is  uncertainty  as  to  the  relative  importance  of  the  extent 
and  location  of  damage  and  any  other  factors  which  determine  the  development 
of  congestive  heart  failure  or  shock. 

When  there  is  a rupture  of  the  interventricular  septum  or  a papillary  mus- 
cle, there  is  often  uncertainty  as  to  whether  surgical  correction  should  be 
undertaken  promptly  or  whether  it  can  be  delayed  until  after  the  infarct  has 
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healed.  Immediate  surgery  carries  a very  high  mortality  rate,  while  medical 
treatment  is  unsuccessful  in  most  but  not  all  patients. 

When  heart  failure  develops  after  healing  of  myocardial  infarction,  there  is 
uncertainty  as  to  whether  revascularization  by  a coronary  bypass  operation 
can  restore  ischemic  myocardial  fibers  or  otherwise  promote  myocardial  func- 
tion and  thus  alleviate  heart  failure.  There  is  preliminary  information 
suggesting  that  in  patients  with  disease  of  multiple  coronary  vessels  and 
very  large  hearts,  revascularization  procedures  are  associated  with  high 
mortality  and  generally  unsatisfactory  results  in  the  survivors . ^ 

The  indications  for  surgery  to  excise  a ventricular  aneurysm  are  not  clearly 
defined.  The  value  of  excision  of  myocardial  scars  in  the  treatment  of 
heart  failure,  the  amount  of  tissue  that  should  be  excised,  and  the  possible 
danger  of  excising  functioning  myocardial  fibers,  are  unresolved  problems. 

Recommendations 

7.  Reseanch  should  be  cannied  out  to  detenmine  the  mechanism  nesponsible 
fion  the  ps tesence  on  absence  ofi  heant  jailor te  and  its  neZation  to  condio- 
genic  shock. 

2.  Pathologic.  studies  should  be.  made,  to  conneZate  the.  extent  and  location 
ofi  myocaAdial  infianction  and  scans  ofi  healed  inlands  with  the  development 
ofi  heaAt  ^aiZune. 

3.  The  value  o&  sungicaZ  techniques  fion  excision  ofi  ventAlculaA  aneuAysm, 
AepaiA  oi  AuptuAed  septum  oa  papiZZany  muscle,  Aesection  ofi  scans  and  aneas 
o^  dyskinests , and  fion  myocaAdial  Aev  as  colonization  by  a bypass  gnafit  on 
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other  means  skouZd  be  evaluated  systmaticaZZy  In  the  treatment  oft  heart 
fiaiZure  due  to  coronary  atherosclerosis , with  particular  reference  to  indi- 
cations, contraindications , value,  and  risks. 
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B . CEREBRAL 


Current  State  of  Knowledge 

Stroke  syndromes  are  caused  by  several  basic  pathologic  processes.  One  is 
the  focal  reduction  in  arterial  flow  and  pressure  due  to  atherosclerosis 
resulting  in  loss  of  tissue  perfusion.^  If  ischemia  is  sufficiently  pro- 
longed, tissue  death  results.  Cerebral  infarction  is  a manifestation  of 
end-stage  atherosclerosis  and  is  the  result  of  one  or  more  patho- 
physiologic processes  such  as  atherothrombosis , microembolism,  or  hypoten- 
sion which  overcome  the  ability  of  the  arteries  supplying  the  brain  to 
provide  it  with  oxygenated,  glucose-containing  blood  in  adequate  volume 
under  appropriate  pressures  (Figure  1) . 

Another  basic  process  is  hypertension  which  appears  to  cause  an  accentuation 
of  atherosclerosis  and  which  may  lead  to  vessel  rupture  and  intracranial 
hemorrhage. 

Cerebral  arterial  embolism  and  ischemia  occur  simultaneously  or  in  rapid 
succession.  These  events  may  lead  to  hemorrhage  if  the  embolic  fragment  be- 
comes lysed  and  arterial  pressure  is  restored  into  infarcted  tissue. 

Cerebrovascular  Ischemia.  When  perfusion  of  focal  areas  of  brain  tissue  is 
reduced  below  critical  levels,  tissue  ischemia  develops.  If  flow  and  pres- 
sure are  restored  before  infarction  develops,  symptoms  and  signs  of  neuro- 
logic deficit  resulting  from  the  tissue  ischemia  subside.  This  sequence  of 

1 2 

events  is  called  a transient  ischemic  attack.  ’ In  about  one  third  of  such 
cases  these  attacks  herald  cerebral  infarction  and  as  a consequence,  tran- 
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FIGURE  1 


Arch  aortogram  showing  the  anatomy  of  the  aortocervical 
arteries.  Lesions  of  this  circulation  are  said  to  under- 
lie about  40  percent  of  cerebral  infarctions  due  to  athero- 
sclerosis . 
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sient  ischemic  attacks  represent  one  of  the  best  predictors  for  brain 

2 

infarction  (Figure  2). 

Transient  ischemic  attacks  can  occur  either  in  the  carotid  or  vertebral 

basilar  arterial  systems.  In  the  carotid  system  the  episodes  are  frequently 

the  result  of  atheromatous  plaques  situated  at  the  origin  of  the  internal 

carotid  artery  in  the  neck.  Such  lesions  can  be  treated  surgically  with  a 

3-7 

high  degree  of  safety  and  with  the  likelihood  of  cure.  Plaques  located 

in  the  subclavian-vertebral-basilar  arterial  circuit  are  more  difficult  to 
treat  and  the  possible  benefits  of  surgical  therapy  are  less  evident.  Con- 
sequently, persons  with  vertebral-basilar  insufficiency  should  be  considered 
for  treatment  with  long-term  anticoagulation. 

Brain  Infarction.  Disturbances  of  pressure  or  flow,  oxygenation  or  glucose 
content  of  arterial  blood  can  produce  manifestations  of  brain  ischemia  with- 
in half  a minute.  When  prolonged,  infarction  results.  By  far  the  most 
common  cause  of  this  sequence  of  events  is  end-stage  cervicocranial  athero- 
sclerosis, which  causes  focal  reduction  in  the  lumen  of  the  arteries  supplying 
the  brain.  In  other  instances  plaques  accumulate  thrombi  which  occlude  the 
lumens  or  break  off  as  emboli.  Lastly,  atheromatous  plaques  may  ulcerate 
and  discharge  their  grumous  contents  as  microemboli.  These  complications  are 
best  prevented  by  use  of  anticoagulants  or  by  surgical  extirpation  of  athero- 

g 

sclerotic  plaques.  About  40  percent  of  patients  with  brain  infarction  die 

3 

of  infarction  or  secondary  complications  (Figure  3) . 

Brain  Hemorrhage.  Hemorrhage  into  the  substance  of  the  brain  in  adult  life 
is  usually  a complication  of  prolonged  systemic  hypertension.  Brain  hemor- 
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FIGURE  2 


Ulcerated  plaques  are  thought  to  be  the  underlying  mechanism 
in  many  transient  ischemic  attacks.  These  ulcerations  are 
visible  on  arteriography  in  many  cases. 
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FIGURE  3 
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Advanced  atherosclerotic  changes  in  the  aor tocervical  arteries 
accompanied  by  atherothrombosis  of  the  right  common  carotid  artery 
and  the  left  internal  carotid  artery.  Reprinted  with  the  permis- 
sion of  the  authors  and  the  publishers  from  Cerebrovascular  Dis- 
orders , James  F.  Toole  and  Aneel  N.  Patel,  McGraw-Hill  Co.,  1967 


rhage  strikes  without  warning,  is  fatal  in  about  80  percent  of  cases,  and 
its  survivors  are  usually  permanently  disabled.  These  are  all  reasons 
why  vigorous  measures  to  identify  and  treat  asymptomatic  hypertensives  are 
mandatory. 

Unresolved  Problems 

Manifestations  of  cerebral  ischemia  and  infarction  are  enormously  variable; 

1)  because  of  the  plethora  of  arteries  nourishing  the  brain,  each  with  its 
own  area  of  brain  to  perfuse;  2)  because  the  vascular  supply  varies  to  a 
certain  degree  among  individuals;  and  3)  because  of  the  tremendous  variation 
from  person  to  person  in  awareness  of  fleeting  and  often  subtle  phenomena 
which  may  herald  overt  cerebrovascular  disease.  For  example,  headache  can 
be  a symptom  of  impending  cerebral  infarction  or  hemorrhage,  but  who  among 
the  tens  of  millions  who  suffer  with  occasional  headaches  should  be  suspect? 
Furthermore,  transient  blurring  of  vision  or  dizziness  may  presage  carotid 
or  vertebral-basilar  disease,  but  in  whom  among  the  many  persons  who  have 
these  occasional  symptoms  do  these  have  clinical  significance?  Consequently, 
informed  opinion  varies  on  how  stroke-prone  individuals  can  best  be  identi- 
fied from  among  these  large  populations  of  symptomatic  persons. 

There  is  general  consensus  that  prophylactic  measures  should  be  instituted 
in  persons  who  have  one  or  several  of  the  factors  known  to  increase  the  risk 
of  stroke  such  as  heart  disease,  diabetes  mellitus,  hypertension,  and/or 
transient  ischemic  episodes.  Most  investigators  believe  that  there  should  be 
aggressive  population  screening  programs  to  identify  and  treat  susceptible 
individuals;  however,  some  would  wait  until  symptomatic  individuals  seek 
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medical  attention.  At  the  present  time,  the  proper  course  of  action  is  not 
clear  because  adequate  prospective  data  from  screening  programs  are  not 
available  for  making  this  judgment. 

Every  effort  must  be  expended  to  prevent  cerebral  ischemia,  to  treat  it 
aggressively  and  rapidly  when  it  occurs,  and  to  prevent  its  progression  to 
cerebral  infarction.  This  is  an  emergency  situation  regarding  which 
neither  the  public  nor  health  professionals  are  sufficiently  informed. 

The  reasons  for  this  widespread  lack  of  awareness  of  the  grave  significance 
of  the  early  manifestations  of  stroke  are  due  to  many  diverse  factors. 

Among  them  are  the  victim's  lack  of  awareness  of  the  extent  of  disability, 
his  lack  of  pain  and  the  fact  that  he  may  not  look  sick,  all  of  which  lull 
his  family  into  complacency.  Others  include  the  attitude  of  hospital  per- 
sonnel who  may  reject  stroke  victims  in  favor  of  more  "acute  patients  for 
whom  something  can  be  done."  Some  physicians  and  hospitals  will  not  admit 
or  treat  stroke  patients  at  all;  while  for  others,  they  are  elective  admis- 
sions. In  many  institutions  to  which  stroke  patients  are  admitted,  care  is 
custodial  only.  These  attitudes  must  change.  Physicians  must  be  made  aware 
of  the  necessity  and  means  for  rapid  accurate  diagnosis  and  emergency 
management  of  stroke  victims  and  put  them  into  practice.  Hospitals  must 
develop  systems  for  rapid  accession  of  the  patient  to  his  proper  location  in 
the  care  delivery  system.  Specialized  stroke  care  units  must  be  developed, 
the  primary  purpose  of  which  will  be  to  sustain  brain  function  and  to  mini- 
mize neural  deficit  in  stroke  victims.  In  order  to  accomplish  this  purpose, 
teams  of  specially  trained  health  personnel  headed  by  a physician  and  includ- 
ing representatives  of  various  medical  specialties,  nurses  and  physical 
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therapists,  should  be  formed  in  centrally  located  institutions.  These  teams 
would  render  comprehensive  care  to  stroke  victims  whose  treatment  at  the 
present  time  is  all  too  often  fragmented  and  piecemeal. 

Anticoagulant  therapy  to  prevent  recurrent  episodes  in  patients  with 
transient  ischaemic  attacks  (TIAs)  due  to  atherosclerotic  cerebrovascular 
disease  is  well  established . 5 ’ Millikan  concludes  that  long  term 

anticoagulant  therapy  significantly  reduces  the  risk  of  cerebral  infarction 
in  patients  with  transient  ischaemic  attacks.  However,  there  is  a small 
but  definite  risk  of  cerebral  or  systemic  hemorrhagic  complications.  The 
incidence  of  intracranial  hemorrhage  is  related  to  the  level  of  hyperten- 
sion, while  systemic  hemorrhage  is  related  to  the  presence  of  concomitant 
disease  and  to  the  duration  of  anticoagulant  therapy.  Unresolved  problems 
include  definitions  of  the  level  of  hypertension  that  does  not  contraindi- 
cate anticoagulant  therapy  and  the  optimal  duration  of  treatment. 

The  role  of  anticoagulation  in  halting  the  progression  of  cerebral  infarction 

(stroke  in  evolution)  is  not  clear,  but  the  weight  of  evidence  favors  its 

12 

use. 

For  completed  stroke,  there  is  a difference  of  opinion  regarding  the  use  of 
anticoagulation  on  a long  term  basis,  for  prophylaxis  of  recurrence. 
Anticoagulation  is  definitely  hazardous  because  of  the  incidence  of  severe 
hemorrhage,  but  whether  this  is  true  for  all  anticoagulants  or  only  for 
coumarin  compounds  is  unknown. 
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Recommendation 5 


1 . Active  investigation  into  ways  to  identify  stroke-prone  individuals 
should  be  given  high  priority.  Ail  screening  programs  for  prevention  o f 
brain  hemorrhage  and ■ infarction  are  dependent  upon  the  development  of  such 
method s . 

2.  A program  of  education  designed  to  heighten  public  awareness  of  the 
risk  factors  and  warning  symptom s and  signs  associated  with  brain  infarction 
mutt  be  initiated. 

3.  Intensive  medical  school  and  postgraduate  medical  education  mutt  be 
undertaken  to  instruct  all  physicians  caring  for  patients  who  may  develop 
strokes  in  the  techniques  of  early  diagnosis  and  proper  management. 

4.  Special  care  units  must  be  developed  to  treat  stroke  patients 
intensively,  using  specially  trained  personnel. 

5.  The  stroke  team  concept  must  be  popularized  and  put  into  general  use  so 
that  stroke  victims  can  be  quickly  transported  to  specialized  facilities . 

b.  Individuals  with  sustained  hypertension  must  be  identified  early  and 
treated  vigorously  in  order  to  prevent  brain  hemorrhage. 

7.  The  question  of  the  use  of  anticoagulant  therapy  for  the  progressing 
cerebral  infarction  should  be  resolved  by  an  appropriately  designed  study. 

S.  Studies  should  be  carried  out  with  antithrombotic  agents  other  than 
coumarln  derivatives  to  determine  whether  they  can  reduce  recurrence  rates 
without  inducing  hemorrhagic  complications . 
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C . PERIPHERAL 


Current  State  of  Knowledge 

The  peripheral  circulation,  including  the  aorta  and  vessels  to  the  abdominal 
viscera  and  the  extremities,  accounts  for  a significant  fraction  of  all 
atherosclerotic  vascular  disease.  Moreover,  disease  of  these  vessels 
is  commonly  associated  with  atherosclerotic  lesions  of  the  coronary  and 
cerebral  circulation. 

1.  Aorta : Aneurysm.  Widening  and  tortuosity  of  the  aorta  and  certain  of 

its  primary  branches,  the  innominate  and  iliac  arteries,  are  common  among 
individuals  beyond  the  fifth  decade,  especially  in  the  presence  of  hyperten- 
sion. These  abnormalities  are  more  diffuse  than  aneurysms  which  by  con- 
trast are  more  localized  dilatations  of  the  wall  of  the  aorta,  involving 
the  entire  circumference  (fusiform)  or  one  side  of  the  vessel  (saccular) . 
Aneurysms  may  vary  in  size  up  to  15  or  more  centimeters  in  diameter.  Aorto- 
grams  are  diagnostically  deceptive  and  of  limited  usefulness  in  such 
cases  because  the  demonstrable  channel  through  the  aneurysm  may  appear 
normal,  since  the  rest  of  the  aneurysm  may  be  filled  with  layers  of 
thrombus . 

The  prevalence  of  aneurysm  among  the  general  population  is  not  known.  One 
study'*'  showed  an  incidence  of  1.8  percent  among  5,000  autopsies  (dissecting 
aneurysms  were  excluded) . The  lesions  are  more  commonly  found  in  men  than 
in  women,  the  male  to  female  ratio  varying  between  two  and  10  in  different 
reports . 
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Until  recent  years,  aneurysms  in  the  thoracic  or  the  immediately  subdia- 
phragmatic  aorta  were  commonly  found  to  be  syphilitic  in  origin.  At 
present,  however,  syphilitic  vascular  lesions  have  become  distinctly 
less  common  and  most  aortic  aneurysms  both  above  and  below  the  diaphragm 
are  atherosclerotic  in  origin. 

Most  aneurysms  are  asymptomatic  in  their  early  stages.  Occasionally, 
patients  become  aware  of  the  lesion  in  the  abdomen  on  palpation  of  a 
pulsating  mass  during  self-examination.  When  symptoms  develop,  the  most 
common  and  compelling  complaint  is  pain  arising  from  interstitial  dis- 
section of  blood,  compression  of  adjacent  nerve  roots,  and  erosion  into 
bone . 

The  most  serious  complications  of  aneurysm  are  progressive  degeneration  and 
thinning  of  the  aneurysmal  wall  resulting  in  "leakage"  of  blood  into  the 
adjoining  structures  and  eventually,  in  frank  rupture  of  the  wall  and 
massive  hemorrhage.  Development  of  infection  in  the  aneurysmal  wall  and 
among  the  lamellae  of  thrombus  may  occur.  When  syphilitic  thoracic 
aneurysms  were  common,  they  would  frequently  erode  through  the  sternum 
and  bleed  massively  externally.  More  commonly,  however,  thoracic  aneurysms, 
both  syphilitic  and  atherosclerotic,  erode  into  mediastinal  structures  and 
bleed  massively  into  them.  Erosion  and  hemorrhage  into  the  pericardium 
lead  to  cardiac  tamponade;  into  the  trachea  and  main  stem  bronchus  to  fatal 
hemoptysis;  and  into  the  esophagus  to  massive  upper  gastrointestinal  tract 
bleeding.  In  the  abdomen,  aneurysms  of  the  aorta  and  iliac  arteries  may 
bleed  into  the  retroperitoneal  space  or  into  the  peritoneal  cavity.  Erosion 
into  the  vena  cava  results  in  hemodynamically  serious  arteriovenous  fistulae. 
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Severe  pain  in  a patient  with  aneurysm  is  presumptive  evidence  of  leakage 
of  blood  and  of  impending  massive  hemorrhage.  The  latter  is  attended 
by  hemorrhagic  shock,  often  profound  and  fatal. 

Life  expectancy  is  reduced  after  the  diagnosis  of  atherosclerotic 

aneurysm.  In  the  absence  of  intervention  very  few  patients  live  as  long 

as  10  years  after  a diagnosis  of  abdominal  aneurysm  is  made,  one-third 

of  such  patients  die  within  a year;  and  one-half  within  one  to  three 
2 

years . 

Individuals  with  aneurysm  of  the  aorta  and  its  large  branches  are  elderly, 
and  although  rupture  of  the  aneurysm  is  a common  cause  of  death,  these 
patients  are  also  subject  to  other  fatal  complications  of  atherosclerosis, 
such  as  myocardial  infarction,  stroke,  congestive  heart  failure  or 
other  conditions.^ 

The  treatment  of  aneurysm  has  excited  the  imagination  of  physicians  and 

surgeons  for  centuries.  Surgery  offered  rather  little  for  this  serious 

conditions  until  1951,  when  Dubost  successfully  excised  an  aneurysm  of 

the  lower  abdominal  aorta  and  established  continuity  by  the  insertion 

4 

of  a preserved  human  aortic  homograft. 

Many  technical  developments  have  taken  place  in  this  area  of  vascular 
surgery.  Homografts,  arterial  and  venous,  have  been  replaced  by  devices 
constructed  of  synthetic  fabrics.  Partial  rather  than  total  excision  of 
the  aneurysm  has  led  to  reduction  in  operative  morbidity  and  mortality. 
Significant  improvements  have  been  made  in  available  suture  materials  and 
in  the  care  of  the  critically  ill.  However,  operative  procedure  for  the 
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correction  of  aneurysm  carries  a risk  which  must  be  considered  in  reaching 
a decision  for  surgical  intervention.  Any  operative  procedure  for  the 
correction  of  aneurysm  carries  a significant  risk,  magnified  by  the  ad- 
vanced age  and  associated  disease  common  to  the  elderly  persons  having 
such  disorders. 

2.  Mesenteric  Arteries.  As  in  the  case  of  aneurysms  and  occlusive 
disease  of  other  arteries,  the  true  prevalence  of  atherosclerotic  disease 
of  the  celiac  artery  and  mesenteric  arteries  is  not  known,  since  the 
lesions  are  asymptomatic  until  serious  compromise  of  blood  flow  to  the 
abdominal  viscera  has  occurred.  In  general,  atherosclerotic  involvement 
of  the  visceral  arteries  reflects  involvement  of  the  abdominal  aorta. 

At  autopsy  these  arteries  are  seldom  commented  upon  unless  gross  resultant 
intestinal  lesions  are  present. 

Symptoms  and  signs  attributable  to  aneurysmal  or  atherosclerotic  obstructive 
disease  of  the  inferior  mesenteric  artery  are  very  rare  because  of  the 
excellent  collateral  circulation  of  the  colon.  However,  occlusive  disease 
of  the  superior  mesenteric  artery  leads  to  recognizable  signs  and  symptoms 
of  intestinal  dysfunction  which  are  sometimes  dramatic.  The  superior 
mesenteric  artery  supplies  nearly  the  entire  small  intestine  and  the 
proximal  portion  of  the  colon  without  significant  collateral  circulation. 
Among  the  elderly,  weight  loss  and  failure  to  gain  weight  have  been 
attributed  to  poor  mesenteric  arterial  circulation  resulting  in  incomplete 
absorption  of  food  substances.  Abdominal  pain  may  occur  after  eating, 
during  periods  of  increased  intestinal  activity,  and  has  been  attributed  to 
insufficient  capacity  of  the  superior  mesenteric  artery  to  provide  blood 
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for  the  additional  requirement  of  the  digestive  process  (abdominal  "angina" 
or  "claudication"). 

Acute  complete  occlusion  of  the  superior  mesenteric  artery  nearly  always 
results  in  vascular  collapse  with  gangrene  of  the  entire  small  intestine 
including  the  cecum  and  parts  of  the  adjoining  colon,  and  generally 
excluding  the  fourth  portion  of  the  duodenum.  Drastic  changes  take 
place  in  the  distribution  of  body  fluids.  Blood  extravasates  into  the 
peritoneal  cavity,  and  toxic  vaso-active  substances  are  formed.  Resection 
of  the  involved  bowel  carries  a forbidding  mortality.  The  condition  has 
been  called  "abdominal  apoplexy". 

In  recent  years,  in  view  of  the  known  mortality  rate  from  acute  occlusion 
of  the  superior  mesenteric  artery  (resulting  from  embolism  or  thrombosis) , 
attempts  have  been  made  to  diagnose  the  condition  before  infarction  or 
irreversible  changes  have  taken  place  in  the  intestine.  Some  success 
has  been  achieved.  The  first  successful  embolectomy  from  the  superior 
mesenteric  artery  was  reported  in  1957. ^ The  problems  are  two-fold  and 
interdependent.  Diagnosis  must  be  made  early  within  an  hour  or  two  from 
the  time  of  onset  of  symptoms,  but  the  surgeon  is  commonly  hesitant  for 
fear  of  performing  an  unnecessary  laparotomy  in  a poor-risk,  usually 
elderly  patient  with  a questionable  diagnosis. 

3.  Renal  Arteries.  Plaques  not  infrequently  encroach  upon  the  ostia  of 
one  or  both  renal  arteries  resulting  in  ischemia  of  the  kidney.  While 
this  may  not  cause  necrosis,  it  may  well  disturb  certain  elements  of 
renal  function.  Atherosclerosis  may  also  develop  in  the  renal  arteries 
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themselves.  The  result  may  be  ischemia  of  the  kidney  leading  to  abnormal 

renal  function  or  the  elaboration  of  humoral  substances  leading  to 

hypertension.  In  one  study,  aortography  of  2,500  patients  revealed  69 

cases  of  renal  artery  stenosis,  an  incidence  of  2.8  percent  in  that 
£ 

selected  group.  Aneurysms  of  the  renal  artery,  through  hemorrhage  and 
thrombosis,  occasionally  lead  to  renal  ischemia  and  hypertension. 

Interference  with  blood  flow  in  arteries  supplying  one  or  both  kidneys  is 
likely  to  result  in  "renal  hypertension",  as  first  produced  experimentally 
and  described  by  Goldblatt  nearly  40  years  ago.  This  sequel  (hyperten- 
sion) depends  upon  the  presence  of  viable  renal  tissue  with  impaired  circu- 
lation. The  renin-producing  juxtaglomerular  apparatus  serves  as  a 
pressure -sensitive  organ  which  must  be  viable  and  responsive  to  decreased 
preglomerular  arteriolar  pressure  and  flow.  A large  amount  of  experiment- 
ation has  been  done  to  clarify  the  nature  of  the  mechanisms  for  this  kind 
of  hypertension,  and  much  information  is  now  available  concerning  the  role 
of  aldosterone  in  the  process.  Except  for  the  complications  of  hypertension, 
this  degree  of  impairment  of  renal  blood  flow  otherwise  is  asymptomatic. 

Among  the  causes  of  hypertension,  as  many  as  two  to  three  percent  may 
be  attributable  to  relative  renal  ischemia. 

Renal  arterial  occlusions  resulting  in  infarction  are  asymptomatic  when 
small.  However,  symptoms  do  develop  when  larger  masses  of  renal  tissue 
are  involved,  as  the  result  of  progressive  narrowing  of  the  main  renal 
artery  or  its  branches  culminating  in  thrombosis,  or  as  the  result  of 
emboli  from  ulcerating  atherosclerotic  plaques  either  in  the  aorta  or  in 
the  renal  arteries  themselves.  The  symptoms  vary  according  to  the  extent 
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of  the  infarcts.  Small  infarcts  may  be  felt  as  pain  in  the  costovertebral 
angle  of  the  back,  the  loin,  or  in  the  abdomen.  Hematuria  is  detectable, 
either  microscopic  or  gross,  along  with  granular  casts  and  white  blood 
cells.  Hypertension  commonly  develops  when  infarction  does  not  involve 
the  entire  kidney,  and  the  high  blood  pressure  may  be  severe  enough  to 
require  treatment. 

Complete  infarction  of  the  kidneys  is  often  fatal  since  the  opposite  kidney 
is  usually  involved  at  least  to  some  extent  by  atherosclerosis,  and  occlu- 
sion and  thrombosis  of  the  renal  arteries  occasionally  may  be  bilateral. 
When  the  lesions  develop  acutely,  patients  have  very  severe  pain,  and 
progress  into  vascular  collapse  which  is  often  fatal. 

Patients  with  complete  infarction  of  the  kidney  have  received  only 
supportive  treatment.  Such  cases  theoretically  could  be  amenable  to 
surgical  intervention  if  diagnosed  prior  to  necrosis  of  the  kidney.  Safe 
diagnostic  methods  and  other  criteria  for  diagnosis  need  to  be  developed 
to  make  this  possible. 

Dramatic  results  have  been  reported  from  several  clinics  indicating  cures 
of  renal  hypertension  by  direct  arterial  surgery  correcting  or  circumvent- 
ing the  renal  vascular  obstruction,  or  by  nephrectomy*  when  direct  arterial 

surgery  is  not  possible  and  the  opposite  kidney  is  functioning  satis- 

, 8,9,10 

factorily. 
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4.  Peripheral  Arteries:  General  Considerations.  The  term  peripheral 


circulation  as  used  in  this  section  refers  to  branches  of  the  aortic 
arch  and  the  vessels  of  the  neck,  upper  and  lower  extremities. 

Atherosclerosis  involving  the  peripheral  circulation  becomes  clinically 
apparent  in  two  ways:  1)  by  causing  intermittent  pain  when  the  diseased 

arteries  are  unable  to  meet  the  increased  demand  for  blood  by  the  tissues 
in  response  to  increased  activity  or  exercise  (intermittent  claudication) 
or  2)  by  resulting  in  diminution  of  blood  flow  to  the  point  that  the 
metabolic  needs  of  organs  and  tissues  are  not  met  even  at  rest,  and  the 
patient  experiences  persistent  pain  (rest  pain)  or  develops  gangrene. 

Intermittent  claudication.  The  majority  of  patients  with  peripheral 
atherosclerosis  have  no  symptoms  when  at  rest,  but  are  distressed  when 
activity  is  undertaken  which  requires  increased  delivery  of  oxygen  to  the 
tissues.  Ordinarily,  the  progressive  enlargement  of  atheroma  encroaching 
upon  the  lumen  of  an  artery  is  accompanied  by  concomitant  development 
of  collateral  circulation.  The  stimulus  for  the  development  of  increased 
collateral  circulation  has  not  been  identified,  but  appears  to  be  related 
to  a disproportion  between  need  of  the  tissues  for  blood  and  that 
actually  delivered  by  the  circulation.  When  work  is  increased  and 
greater  circulatory  delivery  is  required,  the  collateral  circulation 
which  has  developed  for  meeting  basal  requirements  is  inadequate  and 
the  patient  experiences  intermittent  claudication  in  the  affected 
extremities . 


231 


Rest  Pain.  Occasionally  the  enlargement  of  atheroma  is  not  attended 
by  concomitant  development  of  collateral  circulation  adequate  to  meet 
basal  requirements.  This  may  occur  1)  if  atherogenesis  progresses 
unusually  rapidly  so  that  collateral  vessels  cannot  keep  up  with  the 
deterioration  of  main-channel  blood  flow;  2)  if  thrombosis  and  embolism 
complicate  the  atheroma;  and  3)  if  for  some  fundamental  reason  (anatomic 
or  metabolic)  collateral  vessels  are  not  stimulated  to  develop.  When 
the  main  channel  for  blood  flow  is  seriously  encroached  upon  by  atheroma 
with  or  without  thrombosis  and  embolization,  and  there  is  no  adequate 
collateral  circulation,  the  delivery  of  oxygen  and  nutrients  and  the 
removal  of  metabolic  products  are  inadequate  for  normal  metabolism. 
Thereupon,  pain  results  when  sensitive  tissues  are  involved.  Clinically, 
this  situation  is  recognized  as  "rest  pain"  in  the  extremities. 

Gangrene.  Further  progression  of  the  atheroclerotic  process  without 
proportionate  development  of  collateral  circulation  can  result  in  non- 
viability of  tissue.  The  clinical  situation  accordingly  progresses  from 
one  in  which  rest  pain  is  predominant,  to  one  in  which  irreversible  tissue 
necrosis  (gangrene)  takes  place. 

The  majority  of  individuals  with  atherosclerosis  of  the  peripheral  arter- 
ies require  only  conservative  management  with  careful  and  repeated 
instructions  on  care  of  the  extremities.  Tobacco  is  strongly  contra- 
indicated because  of  its  vasoconstrictive  action.  If  trauma  and 
infection  are  avoided,  development  of  collateral  circulation  usually 
continues  apace  with  the  progression  of  the  atherosclerotic  process. 
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However,  the  superimposition  of  any  factor  which  acutely  increases  the 
need  for  delivery  of  blood  as  for  example  a need  for  healing  a lesion 
caused  by  trauma  or  infection,  adds  an  unattainable  requirement,  and 
gangrene  supervenes. 

Some  patients  who  seek  medical  advice  for  symptoms  caused  by  arterial 
insufficiency  do  require  active  measures  to  improve  the  peripheral  cir- 
culation. A number  of  procedures  of  doubtful  benefit  have  been  recom- 
mended from  time  to  time  for  this  purpose. 

A variety  of  pharmacologic  agents  also  have  been  used  for  improving  the 
arterial  circulation  through  their  vasodilator  effects  (alcohol,  phenoxy- 
benzamine , phentolamine , and  nicotinyl  tartrate).  Some  have  been 
developed  for  their  specific  dilating  effects  on  the  circulation  of 
skeletal  muscle.  While  the  circulatory  increase  caused  by  vasodilators 
is  readily  demonstrable  experimentally  and  in  subjects  with  normal 
circulation,  the  effectiveness  in  patients  with  significant  obliterative 
arterial  disease  is  difficult  to  demonstrate. 

The  demonstration  by  Royle  (1924)  that  the  extremities  in  patients  with 
spastic  paralysis  showed  evidence  of  increased  circulation  following 
sympathectomy  led  to  the  exploitation  of  sympathetic  denervation  of  the 
extremities  to  produce  vasodilation.  This  procedure  was  first  used  in 
patients  with  vasospasm  (Raynaud's  Disease;  thrombo-angiitis  with  demon- 
strable spasm)  and  later  in  patients  with  obliterative  atherosclerosis 
of  the  arteries. ^ Sympathectomy  permits  regional  release  of  the 
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circulation  from  neural  vasoconstrictor  effects,  causes  a decrease  in 
local  vascular  resistance,  and  therefore,  in  selected  cases,  improves 
the  arterial  circulation. 


Sympathectomy  for  vascular  disease,  especially  in  the  lower  extremity, 

remained  popular  until  direct  surgical  intervention  became  possible  as 

the  result  of  the  development  of  angiography,  anticoagulation,  and  new 
12 

suture  materials.  Thromboendar terectomy  was  the  earliest  direct 

surgical  procedure  to  effect  restoration  of  main-channel  arterial  blood 
13 

riow.  The  procedure,  with  technical  modifications,  is  commonly  used 
at  present  either  alone  or  in  combination  with  other  procedures. 


The  concept  of  bypassing  an  obliterative  atherosclerotic  lesion  by  means 
of  a biologic  or  synthetic  tube  started  with  the  work  of  Kunlin  who 
employed  the  patient's  own  internal  saphenous  vein . ^ Tubes  con- 

structed from  synthetic  fabrics  became  popular  because  of  their  ready 
availability  and  ease  of  sterilization.^  They  are  still  widely  used 

and  are  effective  to  bypass  obstructions  of  large  arteries,  including 
17 

the  aorta  itself.  For  bypassing  obstructions  in  the  small  arteries 
(including  the  femoral-popliteal  system)  the  autogenous  vein  is  con- 
sidered preferable  to  synthetic  prostheses  and  is  recommended  for  this 
purpose  by  most  surgeons. 


Vasodilator  drugs,  sympathectomy , arterial  reconstruction,  and  arterial 
bypass  only  enable  the  patient  to  make  optimal  use  of  his  unobstructed 
blood  vessels.  Indeed,  there  is  some  evidence  that  relief  or  bypass 
of  the  arterial  obstructing  lesion  may  promote  the  development  of 
atherosclerosis  distal  to  the  lesion.  In  general,  however,  the  immediate 
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improvement  following  reconstructive  arterial  surgery  is  dramatic.  Late 
results  are  variable.  More  careful  and  objective  follow-up  studies  are 
needed . 

Unresolved  Problems 

More  needs  to  be  learned  about  aneurysms  and  their  management,  in 
particular  those  within  the  thorax.  Methods  need  to  be  developed  for 
objectively  assessing  the  change  in  size  of  asymptomatic  aneurysms. 

In  the  case  of  thoracic  aneurysms,  despite  the  employment  of  aortic 
bypass  by  means  of  the  cardiopulmonary  pump  techniques,  paraplegia 
is  still  an  occasional  complication  of  surgery.  Hypothermia  during 
surgery  is  not  as  frequently  employed  as  it  was  a decade  ago.  Better 
methods  for  inducing  it  are  needed.  Most  important  are  investigations  of  new 
approaches  for  pharmacologic  techniques  which  will  render  tissues  and 
organs  (including  the  brain  and  spinal  cord)  more  able  to  tolerate 
relative  or  complete  ischemia. 

More  sophisticated  methods  of  early  diagnosis  need  to  be  developed.  With 
additional  experience,  new  diagnostic  criteria  may  emerge  and  safer 
selective  regional  angiography  may  be  developed.  With  the  diagnosis 
established,  including  the  site  of  the  obliterative  disease,  corrective 
operations  can  be  performed  in  patients  with  serious  problems  of 
intestinal  absorption,  abdominal  angina,  and  early  acute  occlusion  of 
the  superior  mesenteric  artery  by  embolism  or  thrombosis. 

Methods  should  be  developed  for  preventing  paraplegia  as  a complication 
of  surgery  for  thoracic  aneurysms.  The  problem  concerns  those  patients 
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in  whom  temporary  occlusion  of  blood  flow  from  the  T-9  to  T-12  segments  is 
necessary.  Pharmacologic  depressors  of  brain  and  spinal  cord  metabolism 
should  be  sought. 

Techniques  for  screening  patients  with  hypertension  need  to  be  refined  in 
order  to  identify  those  few  who  have  lesions  amenable  to  surgery.  Methods 
for  possible  salvage  of  patients  with  complete  renal  artery  occlusion  need 
to  be  considered. 

The  nature  of  the  return  and  persistence  of  hypertension  following  surgical 
procedures  upon  the  renal  arteries  requires  study. 

The  stimulus  for  the  development  of  collateral  circulation  is  unclear.  En- 
docrine mechanisms  (including  growth  hormone)  could  be  involved.  The  problem 
is  a very  fruitful  one  for  investigation. 

Both  the  medical  and  lay  communities  are  poorly  informed  as  to  the  nature  of 
atherosclerosis  of  the  peripheral  circulation  and  as  to  what  can  be  done  in 
terms  of  prevention  of  complications  and  symptomatic  treatment  in  the 
present  state  of  knowledge. 

Re.commzndaM.oyi 6 

7.  it  Is  recommended  that  the  natural  history  o f atherosclerosis  tn  the 
peripheral  arteries  be  more  critically  defined  by  the  application  of  tech- 
niques already  available  and  other  techniques  to  be  developed. 

2.  Nonlnvaslve  techniques  must  be  developed  for  the  safe  Identification, 
localization,  and  examination  of  atherosclerotic  lerlons  In  the  peripheral 
arteries . 
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3.  Physiologic  and  phamaco logic  adjuncts  to  sungeny  mud  to  be  developed 
tn  ofidoti  to  reduce  morbidity  and  moataJlily . 

4.  Intensive  studies  o{  collateral  circulation  should  be  conducted  to 
determine  the  nature  o ^ local  and  systemic  factors  which  Influence  ltt> 
development. 
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D.  PULMONARY 


Current  State  of  Knowledge 

Pulmonary  arteriosclerosis,  per  se,  produces  no  signs  or  symptoms.  On  the 
other  hand,  antecedent  mechanisms,  such  as  pulmonary  hypertension  or  volume 
overload,  may  elicit  a variety  of  clinical  signs  and  symptoms,  ranging 
from  angina-like  syndromes  to  breathlessness.  Once  arteriosclerosis  of 
small  vessels  becomes  severe,  the  vascular  obliteration  promotes  further 
pulmonary  hypertension. 

Unresolved  Problems 

The  major  unresolved  problem  is  the  extent  to  which  the  obliterative  arterio- 
sclerotic lesions  of  the  small  vessels  are  reversible.  Others  are  the 
same  as  for  the  presymptomatic  state. 


Recommendations 

7.  Tf m general  K2.commmdcuU.on6  aae  similar  to  those  oft  the  pn.es  ymptomatlc 
state. 

2.  Fn.om  the  point  o h view  oh  the  symptomatic  state,  majoK  attention  should 
be  dlAected  to  the  natunal  hlstoay  and  KeveAS  lb  titty  oh  the  cuitenloscleKotlc 
lesions  In  the  small  vessels,  distinction  should  be  emphasized  between  the 
responses  oh  the  Internal  and  medial  components  oh  the  small  vessels. 


References 

1.  Liebow  AA:  Arteriosclerosis  of  the  pulmonary  circulation.  Cowdry's 

Arteriosclerosis:  A Survey  of  the  Problem.  Second  Edition.  Edited 

by  HT  Blumenthal.  Springfield,  111,  Charles  C Thomas,  1967,  pp  248-328 

2.  Saldana  ME,  Harley  RA,  Liebow  AA,  et  al : Experimental  extreme  pulmonary 

hypertension  and  vascular  disease  in  relation  to  polycythemia.  Amer  J 
Path  52:935-981,  1968 


239 


3.  Naeye  RL,  Vennart  GP : The  structure  and  significance  of  pulmonary 

plexiform  structures.  Amer  J Path  36:593-605,  1960 

4.  Edwards  JE : The  Lewis  A.  Conner  Memorial  Lecture:  Functional  pathology 

of  the  pulmonary  vascular  tree  in  congenital  cardiac  disease.  Circula- 
tion 15:164-196,  1957 

5.  Heath  D,  Brewer  D,  Hicken  P:  Cor  Pulmonale  in  Emphysema:  Mechanisms 

and  Pathology.  Edited  by  IN  Kugelmass . Springfield,  111,  Charles  C 
Thomas,  1968,  p 114 


240 


VI.  REHABILITATION 


Current  State  of  Knowledge 

The  Task  Force  wishes  to  emphasize  that  as  contrasted  with  25  years  ago 

there  has  been  great  progress  in  recognizing  the  rehabilitation  aspects  of 

cardiovascular  disease  including  illnesses  due  to  atherosclerosis  and  its 

complications.  The  concept  of  rehabilitation  of  heart  and  stroke  cases  has 

received  considerable  exposure  from  the  American  Heart  Association,  federal, 

state  and  local  agencies,  industry,  and  from  specialists  in  rehabilitation 
1 2 

medicine.  * Further,  there  are  now  available  to  patients  facilities  in 
every  state  and  in  most  large  urban  communities  for  counseling,  vocational 
training,  and  assistance  in  job  placement.  There  are  also  in  many  but  not 
all  medical  centers  and  in  some  community  hospitals  in-patient  and  out- 
patient services  for  rehabilitation  of  cardiovascular  cases  combining  the 
talents  of  the  internist,  psychiatrist,  occupational  therapist,  speech 
therapist,  psychologist,  social  worker,  and  others.  The  record  of  reemploy- 
ment of  patients  surviving  a myocardial  infarction  and  leaving  the  hospital 
is  generally  encouraging  and  in  the  range  of  80-90  percent.  In  the  case  of  patients 
with  strokes,  the  rate  of  reemployment  is  much  less  favorable  due  in  part 
to  the  older  age  of  this  population,  to  greater  residual  disability,  and 
in  some  instances  to  the  prolonged  and  often  difficult  process  of  recovery. 

Even  in  this  case,  however,  the  outlook  for  a return  to  a self-supporting 
existence  is  much  brighter  today  than  it  was  a quarter  of  a century  ago. 

Unresolved  Problems 

Despite  the  major  advances  noted  above,  problems  still  persist.  There  is 
too  little  awareness  by  the  public  and  the  medical  profession  of  the  role  of 
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rehabilitation  in  the  total  treatment  and  course  of  recovery  of  the  patient 
who  has  had  a heart  attack  or  a stroke.  Information  presented  to  the  Task 
Force  indicates  that  approximately  one-half  of  both  the  general  public  and 
of  all  physicians  have  little  or  no  information  regarding  the  availability 
of  rehabilitation  services. 

Further,  it  appears  that  in  medical  schools,  nursing  schools,  and  post- 
graduate training  programs,  there  has  been  inadequate  emphasis  on  the 
teaching  of  rehabilitation.  At  these  levels  and  also  at  the  level  of  the 
practicing  physician,  there  needs  to  be  far  more  concentration  on  thinking 
of  the  process  and  needs  of  rehabilitation  from  the  very  onset  of  the  acute 
illness.  Too  often,  the  specific  medical  problem  is  treated  as  one  phase, 
and  the  rehabilitation  aspects  as  a separate  and  much  later  phase.  This 
unwarranted  division  of  the  illness  into  two  components  only  serves  to 
prolong  mental  and  physical  disability,  and  results  in  the  application  of 
rehabilitative  techniques  at  a late  and  far  from  optimal  time.  The  section 
on  Overt  Cerebral  Atherosclerotic  Disease  describes  the  important  role  of 
the  stroke  team  in  assuring  a prompt  and  broad  therapeutic  and  rehabili- 
tative approach  to  the  individual  who  has  had  a cerebrovascular  episode. 

Although  the  rate  of  reemployment  back  to  the  former  job  of  persons  who  have 
had  a heart  attack  is  encouraging  (and  less  encouraging  for  patients  with 
strokes) , the  record  of  employment  by  industry  of  a new  employee  who  has  a 
history  of  cardiovascular  disease  is  much  less  satisfactory.  Restraints 
imposed  by  fears  of  accidents  by  personnel  managers,  by  policies  of  insurance 
carriers,  and  by  judicial  and  industrial  commission  awards  to  persons 
alleged  to  have  suffered  cardiovascular  episodes  as  the  result  of  employment 
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have  presented  formidable  barriers  to  the  cardiovascular  patient  seeking  work. 

Even  though  "second  injury"  laws  exist  in  some  states,  they  are  often  not 

3 

considered  in  employment  practices. 

Recommendation* 

1 . The  rehabilitation  aspect*  of  heart  attack*  and  strokes  need  to  receive 
greater  emphasis  tn  the  curricula  of  medical  and  nursing  school*. 

2.  A greater  effort  should  be  made  In  hospital  clinic*  and  physicians' 
offices  to  en*uAe  that  consideration*  of  rehabilitation  need*  are  Included 
In  the  Initial  evaluation  of  every  patient  admitted  f or  treatment  o f arterlo- 
*clerotlc  disease  and  It*  complication*. 

3.  Medical  *ocletle*  and  ho*pltal  staffs  must  accept  the  obligation  to 
keep  the  medical  profession  adequately  Informed  a*  to  the  nature  and 
availability  o f community  rehabilitation  *ervlces. 

4.  The  Task  Torce  recommend*  that  the  Motional  Heart  and  Lung  Institute, 

In  conjunction  with  other  government  agenda, , consider  way*  In  which 
patient*  sobering  from  cardiovascular  disability  who  receive  financial 
support  for  an  extended  period  oft  time  from  governmental  or  non-governmental 
sourca  may  be  automatically  offered  an  opportunity  o f referral  for  rehabili- 
tation. 

5.  The  praent  application  o f Workmen's  Compensation  to  patient*  with 
atherosclerotic  disease  and  Its  complication*  Is  frequently  not  based  on 
solid  scientific  evidence,  and  ha*  resulted  In  unjustified  barrier*  to 

the  employment  of  the  many  citizen*  with  a history  or  sign*  of  cardiovascu- 
lar disease.  Therefore,  the  Task  Force  recommend*  that  the  Motional  Heart 
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and  Lung  Institute  In  conjunction  with  other  government  agenda  and  rep- 
resentatives o f the  legal  profession  consider  wags  In  which  persons  disabled 
by  atherosclerotic  diseases  In  the  course  of  employment  might  best  be 
covered  by  comprehensive  Insurance  In  order  to  obviate  the  delays,  liti- 
gation, and  ambiguities  Inddent  to  the  application  of  Workmen's  Compensation. 
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VII.  INVESTIGATOR  INITIATED  RESEARCH 


It  is  clear  from  this  report  that  very  substantial  progress  has  been  made  in 
many  important  areas  of  diagnosis  and  treatment  of  atherosclerosis  and  its 
complications.  However,  there  are  many  vital,  unanswered  problems  whose 
solutions  are  necessary  to  the  conquest  of  these  diseases.  Throughout 
the  report  the  Task  Force  has  identified  specific  opportunities  for  basic 
and  clinical  research — opportunities  which  are  likely  to  make  an  even  greater 
impact  on  the  understanding  and  treatment  of  atherosclerotic  diseases  in 
the  future. 

The  one  overriding  conclusion  from  the  recommendations  offered  above  is  that 
we  do  not  as  yet  understand  the  basic  mechanisms  of  atherogenesis . Since 
the  answers  to  the  cure  of  a disease  are  logically  found  in  the  discovery  of 
its  cause,  the  Task  Force  emphasizes  the  urgent  need  to  expand  the  research 
base  in  atherosclerosis  at  many  different  levels.  Among  the  major  unresolved 
problems  listed  above  are:  1)  The  genesis  of  the  atherosclerotic  lesion; 

2)  the  relationship  of  lipids,  lipoproteins,  and  diet  to  the  development  of 
atherosclerosis;  3)  the  role  of  thrombosis;  4)  the  etiology  of  essential 
hypertension  and  how  hypertension  contributes  to  the  development  of  athero- 
sclerosis and  its  clinical  complications;  5)  the  way  in  which  certain 
personal  characteristics  and  habits  occurring  singly,  and  more  importantly, 
in  combination,  are  associated  with  an  increased  susceptibility  to  athero- 
sclerosis; and  6)  whether  the  atherosclerotic  process  is  reversible  in  man. 

The  Task  Force  recommends  that  the  National  Heart  and  Lung  Institute  continue 
to  support  research  into  the  pathogenesis  of  atherosclerosis  with  the  specific 
goal  of  developing  an  integrated  theory  of  causation,  identifying  primary 
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and  secondary  factors,  and  their  relative  importance  in  the  process  of 
atherosclerosis,  particularly  in  the  development  of  its  fatal  sequelae. 

Historical  investigations  have  indicated  that  science  does  not  necessarily 

develop  in  a gradual  and  orderly  manner  but  that  it  proceeds  through  periods 

of  great  turmoil  and  sudden  jumps  in  knowledge. ^ Similarly,  the  development 

of  public  health  and  medicine  has  proceeded  in  an  irregular  manner  under  the 

impact  of  new  ideas  from  the  basic  sciences  such  as  biology,  physics,  and 
2 3 

chemistry.  ’ These  new  ideas  have  revolutionized  the  concepts  for  the 

treatment  of  disease  and  decreased,  through  innovations  in  therapy  and  the 

abolition  of  costly  and  ineffective  treatment,  the  economic  burdens  of 

disease.  This  dependence  of  modern  medicine  on  new  developments  in  the 

basic  sciences  has  been  evident  in  recent  times.  For  example,  in  a recent 

survey  of  22  articles  announcing  the  development  of  a new  drug,  56  percent  of 

the  references  cited  were  to  research  work  done  in  university  laboratories  and 

4 

87  percent  of  the  citations  were  to  journals  and  books  in  the  basic  sciences. 

Other  evidence  of  the  essential  role  played  by  basic  research  in  the  develop- 
ment of  biomedical  and  other  technologies  is  provided  by  a study  undertaken 
by  the  Illinois  Institute  of  Technology  Research  Institute  in  collaboration 
with  the  National  Science  Foundation.^  The  study  traced  the  events  leading 
to  five  major  technological  innovations.  Of  the  341  “key  events  that  contri- 
buted directly  to  these  innovations,  three-fourths  were  found  to  be  moti- 
vated by  the  search  for  knowledge  without  regard  for  its  immediate  appli- 
cation. 

In  Appendix  E the  historical  background  of  the  development  of  lipoprotein 
typing  is  presented  in  a manner  which  illustrates  how  the  contributions  of 
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scientists  in  disciplines  unrelated  to  medicine  have  contributed  to  the 
development  of  this  diagnostic  technique  now  widely  used  in  the  classification 
and  treatment  of  serum  lipoprotein  abnormalities. 

The  history  of  medical  science  is  rich  with  other  instances  in  which  the 
results  of  unrelated  research  became  crucial  in  the  development  of  new  diag- 
nostic techniques  or  treatments.  Such  research  is  facilitated  by  providing 
gifted  individuals  with  the  freedom  and  resources'  to  maintain  optimal  re- 
search activities  under  optimal  conditions.  Since  the  answers  to  athero- 
sclerosis might  lie  outside  the  immediate  field  of  atherosclerosis  research 
as  now  conceived,  the  Task  Force  emphatically  recommends  adequate  support 
of  investigator-initiated  research  in  all  aspects  of  the  biological  and 
physical  sciences,  not  just  in  those  disciplines  which  may  now  be  considered 
to  be  related.  The  magnitude  of  the  support  for  fundamental  investigations 
should  be  maintained  in  proportion  to  the  total  mission  of  the  Institute, 
a proportion  that  is  adequate  to  maintain  a constantly  improving  scientific 
base  to  medical  practice  and  a reservoir  of  ideas  and  manpower  that  will 
assure  the  best  possible  long-term  performance  of  the  health  delivery  system. 

Recommendatlo  n 

The  Task  foAce  AtAongly  AecommencU  adequate  AuppoAt  of  InoutlgaZoA- 
Inlllated,  fundamental  AeAeaAch  In  the  biological  and  physical  AclenceA. 
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APPENDIX  C 


THE  MAGNITUDE  OF  THE  PROBLEM 

It  is  evident,  as  stated  throughout  the  entire  report,  that  arteriosclerosis 
has  both  preclinical  and  clinical  manifestations.  In  this  section  only  the 
clinical  aspects  will  be  presented  in  terms  of  mortality  and  morbidity  since 
the  data  on  the  preclinical  aspects  are  not  considered  statistically  reliable. 

Diseases  of  the  cardiovascular  system  for  which  statistics  are  compiled  in- 
clude the  subgroups  listed  below  according  to  the  relative  importance  of 
arteriosclerosis  as  the  underlying  process.  Each  subgroup  is  identified  by 
the  code  numbers  of  the  International  Statistical  Classification  of  Diseases, 
Injuries  and  Causes  of  Death  (ICD).^  The  category  "congenital  malformations 
of  the  circulatory  system"  is  included  in  the  broad  category  "congenital 
malformations"  and  is  therefore  not  included  as  a subgroup  of  the  cardio- 
vascular diseases. 

1.  Arteriosclerotic  and  degenerative  heart  disease  (ICD  420-422) . 

The  largest  component  is  "arteriosclerotic  heart  disease,  including 
coronary  disease"  (ICD  420) , to  which  most  fatal  heart  attacks  and 
sudden  coronary  deaths  are  classified.  To  improve  the  compara- 
bility of  mortality  between  geographic  areas  and  the  validity  of 
long-term  mortality  trends,  the  components  "chronic  endocarditis  not 
specified  as  rheumatic"  (ICD  421)  and  "other  myocardial  degeneration" 
(ICD  422)  are  combined  with  "arteriosclerotic  heart  disease  includ- 
ing coronary  disease"  (ICD  420)  , in  the  statistical  compilations 
that  follow. 
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2.  Vascular  lesions  affecting  the  central  nervous  system  (ICD  330-334) . 


This  subgroup  corresponds  closely  to  the  category  of  stroke,  includ- 
ing cerebrovascular  occlusion,  cerebral  infarction  and  cerebral 
hemorrhage . 

3.  Diseases  of  the  arteries  (ICD  450-456).  This  subgroup  includes  most 
of  the  diagnostic  categories  in  atherosclerosis  of-  the  aorta  and 
peripheral  vascular  arteriosclerosis.  It  also  includes  non-athero- 
sclerotic  diseases  such  as  Raynaud's  disease,  thromboangiitis  ob- 
literans, and  gangrene  of  unspecified  cause.  Some  of  its  components 
are  not  characterized  by  diagnostic  criteria,  for  example,  "general 
arteriosclerosis"  (ICD  450)  which  is  its  largest  component. 

4.  Hypertensive  heart  disease  and  other  hypertensive  disease  (ICD  440-447) . 
This  subgroup  is  closely  related  to  arteriosclerosis  because  of  the 
fact  that  hypertension  is  a risk  factor  for  clinical  manifestations 

of  arteriosclerosis,  and  for  deaths  that  may  be  classified  under 
other  subgroups. 

5.  Other  diseases  of  the  heart  (ICD  430-434) . Arteriosclerosis  under- 
lies only  some  of  the  many  components  of  this  subgroup,  especially 
congestive  heart  failure. 

6 . Rheumatic  fever  and  chronic  rheumatic  heart  disease  (ICD  400-416) . 

This  subgroup  is  not  a manifestation  of  arteriosclerosis,  and  is  ex- 
cluded in  the  data  tabulations. 

7 . Diseases  of  veins  and  other  diseases  of  the  circulatory  system  (ICD 
460-468) . This  subgroup  is  not  a manifestation  of  arteriosclerosis, 

and  is  excluded  in  the  data  tabulations. 
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MORTALITY  FROM  ARTERIOSCLEROSIS 


National  mortality  statistics  are  the  tabulation  of  the  underlying  cause  of 
death  entered  on  each  death  certificate  filed  in  the  United  States,  the  cause 
of  death  being  coded  to  the  International  Statistical  Classification  of 
Diseases,  Injuries,  and  Causes  of  Death.  These  statistics  which  are  pre- 
sented below  are  the  most  impressive,  the  most  reliable  and  the  most  readily 
available  measure  of  the  nation's  problem  of  arteriosclerosis.  It  should  be 
pointed  out,  however,  that  mortality  statistics  are  not  precise  measures  be- 
cause of  the  problem  of  accuracy  of  diagnostic  information  on  death  certifi- 
cates and  the  weakness  inherent  in  the  concept  of  a single  underlying  cause 
of  death. 

Diseases  of  the  Cardiovascular  System 

In  1967,  54.  1 percent  o { aJUL  deathA  were  attributed  to  dlAeaAeA  o{  the,  cardlo- 
vaAcular  AyAtem  (F Igure  1,  Table  1).  0{  Importance  to  our  nation  In  terrni  o{ 

manpower,  and  economic  productivity,  30.5  percent  o{  all  deathA  In  the  35  to 
44  year  age  group  were  due  to  theAe  dlAeaAeA  (Figure  2).  ThlA  percentage  In- 
creaAeA  with  advancing  age  i>o  that  theAe  dlAeaAet>  account  {or  70.3  percent  o{ 
the  deathA  among  perAonA  age  75  yearA  and  over.  It  Ia  Important  to  note  that 
more  than  one-third  o{  all  deathA  {or  perAonA  under  age  65  are  due  to  cardlo- 
vaAcular  dlAeaAeA. 

Arteriosclerosis  and  related  diseases  such  as  hypertension  account  for  the 
major  portion  of  deaths  from  cardiovascular  disease  (Figure  3).  Virtually  all 
arteriosclerotic  and  degenerative  heart  disease  is  due  to  atherosclerosis,  as 
is  most  aortic  and  peripheral  arterial  disease.  A large  proportion  of  strokes 
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FIGURE  1 


Percent  Distribution  of  Deaths  From  Specific  Causes  To 
Deaths  From  All  Causes,  United  States,  19672 
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TABLE  1 


Number  of  Deaths  by  Cause  of  Death  and  Broad  Age  Groups 
United  States,  1967^ 


Cause  of  Death 

All  ages 

Under 
age  65 

Age  65 
and  Over* 

All  Causes 

1,851,323 

715,161 

1,136,162 

Cardiovascular  diseases  (330-334, 
400-468) 

1,002,111 

250,977 

751,134 

Arteriosclerotic  and  degenerative 
heart  diseases  (420-422) 

625,850 

167,495 

458,355 

Vascular  lesions  affecting  central 
nervous  system  (330-334) 

202,184 

36,761 

165,423 

Diseases  of  arteries  (450-456) 

53,326 

6,911 

46,415 

Hypertensive  heart  disease  and 
hypertension  (440-447) 

61,126 

15,542 

45,584 

Other  diseases  of  the  heart  (430-434) 

31,267 

10,302 

20,965 

Rheumatic  fever  and  rheumatic 
heart  disease  (400-416) 

14,176 

8,930 

5,246 

Diseases  of  the  veins  and  other 
diseases  of  the  circulatory 
system  (460-468) 

14,182 

5,036 

9,146 

Other  Causes  of  Death 

849,212 

464,184 

385,028 

* Includes  age  not  stated 

Note:  Numbers  in  parenthesis  are  codes  of  the  International 

Classification  of  Diseases,  Seventh  Revision 
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Percent  Breakdown  of  Deaths  from  Cardiovascular  Disease  to  Deaths  from  all  Causes  by  Age  Group 

United  States,  1967^ 
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is  due  to  hypertension  and  arteriosclerosis.  Thus,  over  80  percent  of  car- 
diovascular disorders  can  be  ascribed  to  arteriosclerosis  and  its  complications. 

Arteriosclerotic  and  Degenerative  Heart  Disease 

In  1967,  arteriosclerotic  and  degenerative  heart  disease  accounted  for  nearly 

625,000  deaths  (33.8  percent  of  the  total).  For  the  35  to  64  year  age  group, 

2 

the  corresponding  percentage  is  31.1  percent. 

The  statistics  show  a male  preponderance  in  death  from  this  group  of  diseases 
and  a marked  increase  in  mortality  with  advancing  age  (Figure  4) . Except 
for  women  in  the  younger  age  groups,  there  has  been  no  tendency  for  the  high 
death  rates  from  arteriosclerotic  heart  disease  to  decrease  in  this  country 
during  the  past  30  years,  despite  the  significant  advances  in  recognition  and 
treatment  of  the  complications  of  arteriosclerosis.  This  unfortunate  fact  is 
illustrated  in  Figures  5 A,  B,  C,  and  D.  The  death  rates  actually  increased 
from  1940  to  1960,  but  appear  to  have  leveled  off  slightly  during  the  last 
10  years. 

These  extremely  high  death  rates  from  arteriosclerotic  heart  disease  in  the 

United  States  are  not  shared  by  all  highly  developed  nations.  As  shown  in 
4 

Figure  6,  both  the  total  death  rate  and  the  death  rate  from  arteriosclerotic 
heart  disease  in  men  aged  45  to  54  years  are  very  high  in  the  United  States 
as  compared  to  Sweden,  Switzerland,  and  Japan.  Only  Finland  suffers  more  loss 
of  men  in  this  productive  age  group  than  does  the  United  States.  Figure  7 
shows  the  total  mortality  and  the  mortality  from  arteriosclerosis  for  men  in 
Sweden  and  the  United  States. 

An  extremely  important  aspect  of  arteriosclerotic  heart  disease  is  its 

propensity  to  cause  death  so  suddenly  that  effective  treatment  is  impossible^ 
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Death  Rates  for  Coronary  Heart  Disease*  by  Sex  and  Color  For  Selected 
Rate  Per  Age  Groups,  United  States,  1967^ 
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*ICD  420 


RATE  PER  100,000  POPULATION 


FIGURE  5A 


Death  Rates  for  Arteriosclerotic  Heart  Disease  and  Myocardial  Degeneration* 

g 

by  Sex  for  Selected  Age  Groups,  United  States,  1940-1967 

WHITE  MALE 
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FIGURE  5B 


Death  Rates  for  Arteriosclerotic  Heart  Disease  and  Myocardial  Degeneration* 

3 

by  Sex  for  Selected  Age  Groups,  United  States,  1940-1967 
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RATE  PER  100,000  POPULATION 


FIGURE  5C 


Death  Rates  for  Arteriosclerotic  Heart  Disease  and  Myocardial  Degeneration* 
by  Sex  for  Selected  Age  Groups,  United  States,  1940-1967^ 


NONWHITE  MALE 
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FIGURE  5D 


Death  Rates  for  Arteriosclerotic  Heart  Disease  and  Myocardial  Degeneration* 
by  Sex,  for  Selected  Age  Groups,  United  States,  1940-19673 
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FIGURE  6 


Death  Rates  from  Arteriosclerotic  and  Degenerative  Heart  Disease  and  from 
All  Causes;  Selected  Countries,  1967  - Men  aged  45-54  years ^ 
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FIGURE  7 


Total  Mortality  as  Compared  with  that  frontf  Arteriosclerotic  and  Degenerative 
Heart  Disease  for  Men  in  Sweden  and  the  United  States  1966 
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emphasizing  the  importance  of  prevention  of  this  disease.  In  the  population 
study  of  Framingham,  Massachusetts,  65  percent  of  the  coronary  heart  disease 
deaths  among  persons  under  65  years  of  age  occurred  outside  the  hospital,  the 
majority  suddenly,  within  one  hour  of  onset  of  the  terminal  event. ^ It  is 
known  that  a high  percentage  of  sudden  deaths  occur  within  a matter  of 
minutes.  The  annual  incidence  rates  of  sudden  and  unexpected  coronary  deaths 
as  fa-Oikt  events  of  this  disease  are  shown  in  Figure  8 for  Framingham  men  and 
women.  The  corresponding  rates  for  all  coronary  deaths  as  fit AAt  events  are 
shown  in  Figure  9 . 

Vascular  Lesions  Affecting  the  Central  Nervous  System 

Stuokc  aj>  the  mot>t  common  fiotim  o ft  cUacoac  o&  the  centA&t  noJivouA  6y&tm. 

As  a cause  of  death  it  ranks  third,  after  heart  disease  and  cancer,  and  is  a 

major  cause  of  disability  in  the  elderly.  In  1967,  there  were  more  than 

200,000  deaths  from  this  cause,  accounting  for  10.9  percent  of  deaths  from 

all  causes.  The  death  rates  from  stroke  increase  markedly  with  advancing 

age  and,  prior  to  age  75,  they  are  greater  in  the  non-white  population 
2 

(Figure  10)  . Each  of  the  sex-color  groups  is  experiencing  a steady  decline 

3 

in  death  rates  from  this  disease  (Figure  11) . This  encouraging  trend  is 
believed  by  many  to  be  the  result  of  more  effective  treatment  of  hyperten- 
sion, including  more  effective  treatment  of  renal  diseases. 

Hypertension 

Statistically,  hypertension  is  difficult  to  assess  as  a subgroup  of  mortality 

from  the  cardiovascular  diseases.  In  1967,  hypertension  was  certified  as 

2 

the  underlying  cause  in  more  than  61,000  deaths.  We  know  that  its  role  in 


282 


FIGURE  8 


Average  Annual  Incidence  Rate  of  Initial  Events  of  Sudden  and 
Unexpected  Death  from  Coronary  Heart  Disease  by  Age  and  Sex 
Framingham  Study,  16-Year  Follow-Up^ 


Rate  per  1,000 
Persons  at  Risk 
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FIGURE  9 


Average  Annual  Incidence  Rate  of  Initial  Event  of  Death  from 
Coronary  Heart  Disease  by  Age  and  Sex,  Framingham  Study 

16  Year  Follow-Up® 


Rate  per  1,000 
Persons  at  Risk 
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Death  Rates  for  Stroke*  By  Sex  and  Color  for  Selected  Age  Groups 

United  States,  1967^ 
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*ICD  330-334 


RATE  PER  100,000  POPULATION 
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RATE  PER  100,000  POPULATION 


FIGURE  11 B 


Death  Rates  for  Stroke*  by  Sex  for  Selected  Age  Groups, 
United  States,  1940-19673 
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RATE  PER  100,000  POPULATION 


FIGURE  11C 


Death  Rates  for  Stroke*  by  Sex  for  Selected  Age  Groups, 
United  States*,  1940-19673 

NON  WHITE  MALE 
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death  is  considerably  greater,  however,  because  there  is  underrecording  of 
hypertension  as  the  underlying  cause  of  death,  and  there  is  a coding  prefer- 
ence for  coronary  disease  or  stroke  as  the  underlying  cause  when  either  term 
is  entered  on  the  death  certificate  with  hypertension.  Figures  12  and  13  A, 

B,  C,  and  D reflect  only  the  mortality  from  hypertension  as  the  underlying 
cause.  The  non-white  population  exhibits  a much  greater  death  rate  than 
does  the  white  population,  and  as  in  the  arteriosclerotic  diseases,  age  is  a 
very  significant  factor  (Figure  12) . The  trend  in  death  rates  from  hyper- 
tension has  been  in  a marked  downward  direction  (Figures  13A,  B,  C,  and  D) . 

Diseases  of  Arteries 

The  mortality  statistics  from  diseases  of  arteries  are  difficult  to  assess 
as  a single  subgroup  of  diseases  of  the  cardiovascular  system.  Most  of  the 
deaths  from  these  causes  occur  to  persons  of  age  65  or  older  as  shown  earlier 
in  Table  1. 

MORBIDITY  - ILLNESS  AND  DISABILITY  FROM  ARTERIOSCLEROSIS 
Prevalence 

The  clinical  manifestations  of  arteriosclerosis  affect  a very  large  proportion 
of  our  population  as  noted  by  the  national  and  regional  surveys  on  this  sub- 
ject. The  National  Health  Examination  Survey  of  1960-1962  reported  that 
5 percent  of  the  civilian,  noninstitutionalized  population  aged  18  to  79  had 
definite  or  suspect  coronary  heart  disease  based  on  electrocardiographic 
evidence  of  myocardial  infarction  and  the  examining  physician's  impression 
of  the  presence  or  absence  of  angina  pectoris  (Table  2)  ? CLiyiicaZ  evu.denc.eA 
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FIGURE  12 


Death  Rates  for  Hypertension  and  Hypertensive  Heart  Disease* 
by  Sex  and  Color  for  Selected  Age  Groups,  United  States,  19672 


Rate  Per 
100,000 
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Male  Female  Male  Female 
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FIGURE  13A 


Death  Rates  for  Hypertension*  by  Sex  for  Selected  Age  Groups, 
United  States  1940-19673 


WHITE  MALE 
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FIGURE  13B 


Death  Rates  for  Hypertension*  by  Sex  for  Selected  Age  Groups, 
United  States,  1940-19673 

WHITE  FEMALE 
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RATE  PER  100,000  POPULATION 


FIGURE  13C 


Death  Rates  for  Hypertension*  by  Sex  for  Selected  Age  Groups, 
United  States,  1940-19673 


NONWHITE  MALE 
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FIGURE  13D 


Death  Rates  for  Hypertension*  by  Ses  for  Selected  Age  Groups, 
United  States,  194Q-19673 
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TABLE  2 


Number  and  Percent  of  the  Noninstitutlonalized  Population  Age  18-79  with 
Coronary  Heart  Disease,  National  Health  Examination  Survey,  United  States, 

1960-19627 


Manifestation  of  Coronary 
Heart  Disease  (CHD) 

Total 

Men 

Women 

Number 

of  Persons 

(in  thousands) 

Definite  or  Suspect  CHD 

5,535 

3,081 

2,454 

Definite  CHD 

Myocardial  infarction  ' ' 

3,125 

1,945 

1,180 

1,421 

1,015 

406 

Angina  pectoris  or  other 

CHD  only 

1,704 

930 

774 

Suspect  CHD  ^ 

2,410 

1,136 

1,274 

Percent 

of  Population 

Definite  or  suspect  CHD 

5.0 

5.8 

4.2 

Definite  CHD 

2.8 

3.7 

2.0 

Myocardial  infarction 

1.3 

1.9 

0.7 

Angina  pectoris  or  other 

CHD  only 

1.5 

1.8 

1.3 

Suspect  CHD 

2.2 

2.2 

2.2 

(a)  One  of  the  following:  1)  HI  on  ECG,  definite  angina  pectoris  in  the 

judgment  of  the  examining  physician,  or  both.  Angina  pectoris  was  not 
ascribed  to  coronary  heart  disease  if  aortic  stenosis  or  syphilitic 
heart  disease  was  present;  2)  History  of  MI  in  the  judgment  of  the 
examining  physician  and  an  ECG  manifesting  either  left  ventricular 
ischemia  or  outside  criteria. 

(b)  On  ECG  with  or  without  angina  pectoris  or  history  of  MI. 

(c)  One  of  the  following:  1)  History  of  MI  in  the  judgment  of  the  examining 

physician  with  no  evidence  of  MI  or  left  ventricular  ischemia  on  the  ECG; 
2)  Suspect  angina  pectoris  in  the  judgment  of  the  examining  physician. 

Note:  All  categories  are  exclusive,  in  descending  priority. 
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ol  aAtenlo6 cloJtotie  heaAt  &UeaAe  wene  pAe^ent  In  1.6  percent  ofi  peA6om  35 
to  44  yeaA 5 oft  age,  5.5  peAeewt  o i peAioni  45  to  54  and  11.9  percent  o{  peA- 
i>oni>  tn  the  55  to  64  yeaA  age  gAoap.  The  prevalence  rates  of  definite  myo- 
cardial infarction  are  shown  in  Figure  14  by  age  for  men  and  women. 

The  survey  also  reported  that  15  percent  of  the  population  had  definite 

g 

hypertension  and  another  15  percent  had  borderline  hypertension  (Table  3) . 

The  percentage  of  young  persons  with  definite  hypertension  is  significant; 
10.9  percent  for  persons  35  to  44  years  of  age,  18.2  percent  for  persons  aged 
45  to  54,  and  26.9  percent  for  persons  in  the  55  to  64  year  age  group.  An 
analysis  of  the  prevalence  rates,  Figure  15,  shows  that  Negroes  experience 
higher  rates  at  all  ages  as  compared  to  whites  in  the  population  surveyed. 

The  number  of  Americans  who  had  had  a stroke  was  almost  1.7  million  in  1967; 

9 

one- third  were  under  65  years  of  age.  According  to  estimates  from  the 
National  Health  Interview  Survey,  1.5  million  in  the  noninstitutionalized 
population  had  had  a stroke.  Another  200,000  stroke  victims  were  residents 
or  patients  of  the  nation's  17,400  nursing  and  personal  care  homes. ^ 

Incidence 

Estimates  of  incidence,  that  is,  the  number  of  events  of  these  diseases 
occurring  in  a one-year  period,  are  available  for  the  Framingham,  Massachu- 
setts study.  A national  study  of  incidence  of  arteriosclerotic  events  has 
not  been  conducted.  The  Framingham  criteria  of  the  events  for  which  inci- 
dence rates  are  shown  are  given  at  the  end  of  this  appendix. 

The  incidence  rates  of  initial  events  of  coronary  heart  disease  (Figure  16) 
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FIGURE  14 


Percent  of  Adults  with  Definite  Myocardial  Infarction, 
Percent  Of  by  Age  and  Sex,  United  States,  1960-62^ 

Adults 


Age 
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TABLE  3 


Number  and  Percent  of  the  Civilian,  Nonins titutionalized  Population  Age  18-79 
With  Hypertension,  United  States,  1960  - 19628 


Hypertension 

Total 

White 

White 

Negro 

Negro 

Men 

Women 

Men 

Women 

Number 

of  Persons 

(in  thousands) 

Definite  or 

Borderline 

33,190 

14,189 

14,170 

2,161 

2,353 

Definite  (a) 
Borderline 

17,008 

5,949 

7,852 

1,388 

1,656 

16,182 

8,240 

6,318 

773 

697 

Percent  of  Population 

Definite  or 

Borderline 

29.9 

30.5 

27.5 

41.6 

37.8 

Definite 

15.3 

12.8 

15.3 

26.7 

26.6 

Borderline 

14.6 

17.7 

12.3 

14.9 

11.2 

(a)  Blood  pressure  of  160  mm.  Hg.  or  over  systolic,  95  mm.  Hg.  or  over 
diastolic. 

(b)  Below  160  mm.  Hg.  systolic  and  below  95  mm.  Hg.  diastolic,  but  not 
simultaneously  below  both  140  mm.  Hg.  systolic  and  90  mm.  Hg.  diastolic. 
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FIGURE  15 


Percent  of  Adults  with  Definite  Hypertension,  by  Age,  Race,  and  Sex 

United  States,  1960-62® 


Age 
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FIGURE  16 


Average  Annual  Incidence  Rate  of  Initial  Events  of  Coronary 
Heart  Disease  by  Age  and  Sex,  Framingham  Study,  16-Year 

Follow-Up^ 

Rate  per  1,000 
Persons  at  Risk 


reflect  the  preponderance  of  the  disease  in  older  persons  and  in  men.  If  it 
is  assumed  that  these  rates  are  representative  of  the  entire  population  of 
the  nation  aged  35  to  74  years,  then  approximately  650,000  initial  events  of 
this  disease  occur  each  year  among  the  population  of  this  age  group.  The 
corresponding  Framingham  incidence  rates  of  initial  events  of  myocardial  in- 
farction are  given  in  Figure  17,  of  stroke  in  Figure  18,  and  intermittent 
claudication  in  Figure  19.  If  it  is  assumed  that  these  rates  exist  in  the 
nation’s  35-74  year-old  population,  then  approximately  175,000  strokes  and 
about  150,000  initial  events  of  intermittent  claudication  would  occur  each 
year  in  this  population  group. 

CRITERIA  FOR  EVENTS:  THE  FRAMINGHAM  STUDY 

1 . Coronary  Heart  Disease 

A subject  in  the  study  was  diagnosed  as  having  developed  coronary  heart 
disease  (CHD)  if  upon  review  of  the  case  a panel  of  investigators  agreed  on 
a definite  manifestation  of  CHD:  myocardial  infarction,  coronary  insuffi- 

ciency, angina  pectoris,  sudden  death  from  CHD,  or  non-sudden  death  from 
CHD.  Persons  with  preexisting  CHD  at  Exam  1 were  excluded  from  the  popula- 
tion at  risk  of  developing  CHD. 

Preexisting  CHD.  Preexisting  CHD  at  Exam  1 was  identified  by  any  one  of  the 
following  diagnoses  at  Exam  1: 

Definite  angina  pectoris 

Definite  history  of  myocardial  infarction 
Definite  myocardial  infarction  by  electrocardiogram 
Doubtful  myocardial  infarction  by  electrocardiogram 
Definite  coronary  insufficiency  by  electrocardiogram 
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FIGURE  17 


Average  Annual  Incidence  Rate  of  Initial  Events  of  Myocardial 
Infarction  by  Age  and  Sex,  Framingham  Study,  16-Year  Follow-Up6 

Rate  per  1,000 
Persons  at  Risk 


35  45  55  65  75 

Age 
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FIGURE  18 


Average  Annual  Incidence  Rate  of  Initial  Events  of  Cerebrovascular 
Accidents  by  Age  and  Sex,  Framingham  Study,  16-Year  Follow-Up^ 

Rate  per  1,000 
Persons  at  Risk 
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FIGURE  19 


Average  Annual  Incidence  Rate  of  Initial  Events  of  Intermittent 
Claudication  by  Age  and  Sex,  Framingham  Study,  16-Year  Follow-Up 


Rate  per  1,000 
Persons  at  Risk 
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The  various  manifestations  of  CHD  are: 


Myocardial  Infarction  (See  4) 

Coronary  insufficiency.  Coronary  insufficiency  was  designated  when  a history 
of  prolonged  ischemic  chest  pain  was  accompanied  by  transient  ischemic  S-T 
segment  and  T-wave  abnormality  in  the  electrocardiographic  tracing  but  not 
accompanied  by  development  of  Q-wave  abnormality  or  by  serum  enzyme  changes 
characteristic  of  muscle  necrosis. 

Angina  pectoris.  Brief  recurrent  chest  discomfort  of  up  to  15  minutes  dura- 
tion, precipitated  by  exertion  or  emotion  and  relieved  by  rest  or  by  nitro- 
glycerin, was  regarded  as  angina  pectoris  (AP)  if  two  physicians  interview- 
ing the  subject  agreed  that  this  condition  was  definitely  present.  This 
diagnosis  was  based  on  evaluation  of  a subjective  manifestation;  no  abnor- 
mality in  the  electrocardiographic  tracing  after  exercise  or  at  rest  was 
required. 

Sudden  Death  from  CHD  (See  5) 

Nonsudden  Death  from  CHD  (See  7) 

2.  Cerebrovascular  Accident 

The  diagnosis  of  overt  vascular  disease  of  the  brain  was  based  on  the 
occurrence  of  stroke.  Minimal  criteria  for  nonhemoAJihcU)'tC  stroke  consisted 
of  the  sudden  onset  of  a localizing  neurologic  deficit  (such  as  hemiparesis, 
aphasia,  homonymous  hemianopia)  ; for  stroke  due  to  ZniftCLCACLyiiaZ  hemorrhage , 
a change  in  the  state  of  consciousness,  headache,  and  signs  of  meningeal 
irritation  in  association  with  a bloody  spinal  fluid  under  increased  pressure 
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whether  with  or  without  other  localizing  neurological  deficits.  A diagnosis 
of  ejmboluA  to  the  brain  was  made  if  a source  for  embolus  (that  is,  atrial 
fibrillation,  rheumatic  heart  disease  with  mitral  stenosis,  recent  myocardial 
infarction,  bacterial  endocarditis)  was  present,  the  clinical  course  con- 
sistent (that  is,  rapid  onset  and  clearing,  slightly  bloody  spinal  fluid,  a 
more  localized  deficit) , or  the  occurrence  of  associated  peripheral  emboli 
elsewhere  noted.  A consultant  neurologist  and  the  clinical  staff  of  the 
study  reviewed  hospital  and  clinic  protocols. 

3.  Intermittent  Claudication 


Minimal  criteria  for  the  entirely  subjective  diagnosis  of  intermittent 
claudication  consisted  of  a cramping  discomfort  in  the  calf  clearly  pro- 
voked by  walking  but  not  present  on  taking  the  first  few  steps,  with  pain 
appearing  sooner  when  walking  quickly  or  uphill  and  being  relieved  within  a 
few  minutes  by  rest.  Interviews  for  symptoms  of  claudication  were  conducted 
by  the  physician  using  structured  forms  for  uniformity  of  the  assessment. 

In  addition,  a panel  of  investigators  reviewed  all  cases  suspected  of  claudi- 
cation and  confirmed  the  diagnosis. 

4.  Myocardial  Infarction 

Re.CZn£  or  acute,  myocardial  infarction  (MI)  was  designated  when  there  were 
serial  changes  in  the  electrocardiograms  indicating  the  evolution  of  an  in- 
farction, including:  S-T  segment  elevation  in  the  electrocardiographic 

tracing  (ECG)  associated  with  later  inversion  of  T-waves  and  the  loss  of 
initial  QRS  potentials  (that  is,  development  of  "pathologic"  Q-waves  of  0.04 
second  duration  or  greater) , followed  by  serial  changes  indicating  reversion 
towards  normal.  An  otd  or  demote  myocardial  infarction  was  considered  to  be 
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present  when  the  ECG  showed  a stable  pattern  including  a pathologic  Q-wave  of 
0.04  second  duration  or  greater,  or  loss  of  initial  QRS  potential  (R-wave)  in 
those  leads  in  which  this  would  not  be  expected  to  occur.  Also,  an  old  MI 
was  indicated  when  changes  from  a previous  tracing  showed  development  of  loss 
of  R-wave  potential  or  appearance  of  pathological  Q-waves  not  otherwise  ex- 
plained. More  weight  was  given  to  this  finding  if  a T-wave  abnormality  was 
also  associated. 

A hospital  report  for  a subject  showing  a rise  in  the  serum  glutamic  oxala- 
cetic  transaminase  to  a level  of  at  least  60  units  along  with  a history  of 
prolonged  ischemic  chest  pain  was  accepted  as  evidence  of  myocardial  infarc- 
tion. Subsequently,  in  1962,  pathologic  elevation  of  another  enzyme  was  in- 
cluded: lactic  dehydrogenase  greater  than  500  units. 

An  autopsy  report  showing  an  acute,  new,  or  recent  infarction  of  the  myocar- 
dium was  accepted  as  evidence  of  MI.  Because  it  is  not  possible  to  date  an 
old  MI  found  on  autopsy,  such  evidence  was  not  included  in  the  clinical 
diagnosis . 

5 . Sudden  Death  from  Coronary  Heart  Disease 

If  a subject,  apparently  well,  was  observed  to  have  died  within  a few  minutes 
(operationally  documented  as  under  one  hour)  from  onset  of  symptoms,  and  if 
the  cause  of  death  could  not  reasonably  be  attributed  to  some  potentially 
lethal  disease  other  than  coronary  heart  disease,  this  was  called  sudden 
death  and  was  attributed  to  coronary  heart  disease. 

6 . Sudden  Unexpected  Death  from  Coronary  Heart  Disease 

If  a subject  experienced  sudden  death  and  had  no  previous  history  of  CHD, 


308 


this  was  called  sudden  and  umxpzCit2.d  death  from  coronary  heart  disease. 

7 . Nonsudden  Death  from  Coronary  Heart  Disease 

If  the  terminal  episode  lasted  longer  than  one  hour,  if  the  available  infor- 
mation implied  that  the  cause  of  death  was  probably  CHD,  and  if  no  other 
cause  could  be  ascribed,  this  was  called  nonsudden  death  from  CHD.  In  making 
this  diagnosis  the  review  panel  used  clinical  information  other  than  that 
concerning  the  final  illness. 
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APPENDIX  D 


ECONOMIC  IMPACT  OF  ARTERIOSCLEROSIS 

The  economic  costs  to  the  nation  due  to  illness,  disability,  and  death  from 

the  cardiovascular  diseases  and  cancer  were  estimated  for  the  year  1962  and 

published  in  the  report  of  the  President’s  Commission  on  Heart  Disease,  Cancer, 

and  Stroke.'*'  That  report  was  followed  by  one  containing  estimates  of  the 

2 

economic  costs  in  1963  of  each  major  disease  classification.  The  report 

of  the  Second  National  Conference  on  Cardiovascular  Diseases  in  1964  also 

3 

contained  estimates  of  the  economic  costs  of  cardiovascular  diseases.  These 
reports  use  the  term  "economic  costs"  or  "economic  impact"  of  a given 
disease  to  represent  the  annual  benefits  that  would  accrue  to  the  economy 
if  that  disease  were  eliminated  or  controlled.  These  costs  are  further 
defined  in  the  following  terms: 

1.  Annual  direct  costs  due  to  illness.  These  are  the  expenditures  for 
prevention,  detection,  treatment,  rehabilitation,  research,  training,  and 
capital  investment  in  medical  facilities.  In  terms  of  types  of  services  or 
object  of  medical  expenditure,  direct  costs  include  amounts  spent  for  hospital 
and  nursing  home  care,  physicians'  and  other  medical  professional  service 

2 

drugs,  medical  supplies,  research,  training,  and  other  non-personal  services. 

2.  Indirect  costs  due  to  morbidity.  These  costs  are  measured  by  the 
lost  earnings  associated  with  man-years  lost  to  productivity  due  to  illness 
and  disability. 

3.  Indirect  costs  due  to  mortality.  These  costs  are  measured  in  terms 
of  the  discounted  present  value  of  lifetime  earnings  of  persons  who  died. 
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The  discussion  that  follows  provides  estimates  of  the  economic  impact  in  1967 
of  the  major  arteriosclerotic  and  hypertensive  diseases.  The  estimating  pro- 
cedure and  explanatory  text  closely  follow  that  of  the  reports  mentioned  a- 
bove.  Separate  estimates  are  made  for  the  four  major  diagnostic  components  of 

these  diseases  coded  to  the  International  Statistical  Classification  of 

4 

Diseases,  Injuries,  and  Causes  of  Death  (ICD)  as  follows: 


ICD  420-422 
ICD  330-334 
ICD  450-456 
ICD  440-447 


Arteriosclerotic  and  degenerative  heart  disease. 

Vascular  lesions  affecting  the  central  nervous  system. 
Diseases  of  arteries. 

Hypertensive  heart  disease  and  other  hypertensive  disease. 


Estimates  of  economic  costs  given  in  this  report  cannot  be  precise  because: 

1)  Mortality  and  morbidity  statistics  corresponding  to  a precise  definition 
of  arteriosclerotic  and  hypertensive  diseases  are  not  available.  For  example, 
costs  had  to  be  included  for  all  deaths  from  stroke  even  though  about  20  per- 
cent of  these  deaths  are  not  due  to  arteriosclerosis:  2)  due  to  the  lack  of 

data,  not  all  types  of  costs  were  computed,  as  explained  below;  and  3)  much 
of  the  data  on  economic  costs  are  derived  from  imprecise  estimates.  It 
should  also  be  pointed  out  that  only  costs  due  to  the  arteriosclerotic  and 
hypertensive  diseases  as  the  primary  cause  of  illness  or  death  are  included. 
Costs  of  these  diseases  as  a contributory  factor  to  other  illnesses  cannot  be 
estimated.  This  also  means  that  costs  for  one  type  of  arteriosclerotic  and 
hypertensive  disease  as  a contributory  cause  to  another  type  cannot  be 
separately  identified. 

In  7 967,  6 and  mnXatvtij  fisiom  anZoAioidLoAotlc.  and  hypeAten6-lve.  dl6e.aA&> 

aoi>t  tk<L  naZion  an  zAtbmatzd  $23.9  mlttion  (Table  1).  Of  this  total,  the 
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TABLE  1 


Estimated  Economic  Costs  to  the  Nation  due  to  Morbidity  and  Mortality 
from  Arteriosclerotic  and  Hypertensive  Diseases,  United  States,  1967* 


Amount  (in  millions) 

Diagnosis 

Total 

Morbidity 

Mortality 

Costs** 

Direct 

Costs 

Indirect 

Costs 

Total  (Arteriosclerotic  or 
hypertensive) 

$23,887 

$4,291 

$1,133 

$18,463 

Arteriosclerotic 
Heart  Disease 

15,545 

2,072 

370 

13,103 

Stroke  *** 

4,605 

971 

235 

3,399 

Diseases  of  Arteries 

1,082 

354 

31 

697 

Hypertensive  Diseases  **** 

2,655 

894- 

497 

1,264 

* From  Table  2,  3 and  4. 

**  Present  value  of  lifetime  earnings  (discounted  at  6%)  of  persons  who 
died  of  arteriosclerotic  and  hypertensive  diseases. 

***  Includes  20%  not  due  to  arteriosclerosis 

****  Does  not  include  all  arteriosclerotic  disease  in  which  hypertension 
was  involved . 
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direct  costs  amounted  to  $4.3  billion,  of  which  $2.3  billion  was  for  hospital 
care  (Table  2).  The  $2.3  billion  represents  an  estimated  $1,100  per  arterio- 
sclerotic and  hypertensive  disease  patient  discharged  from  short-term  hospit- 
als. Approximately  228  million  man-years  of  work  were  lost  by  members  of 
the  labor  force  and  housewives  due  to  illness  from  these  diseases,  amounting 
to  indirect  costs  of  morbidity  of  $1.1  billion  (Table  3).  The  indirect 
costs  due  to  mortality,  represented  by  the  present  value  of  the  remaining 
lifetime  earnings  of  the  942,240  persons  who  died  from  these  diseases  in 
1967,  were  $18.5  billion  (Table  4). 

DIRECT  COSTS 

Direct  costs  of  illness  represent  expenditures  for  hospital  and  nursing  home 

care,  physicians'  and  other  medical  professional  services,  drugs,  medical 

supplies,  research,  training,  medical  facilities  construction,  and  other 

non-personal  services.  Estimates  for  these  costs  for  all  illnesses  are 

prepared  by  the  Social  Security  Administration.  They  are  shown  in  Table  5 

by  type  of  expenditure. ^ The  total  national  health  expenditure  was  $50.8 
* 

billion  in  1967.  The  portion  of  these  expenditures  estimated  for  the  arterio- 
sclerotic and  hypertensive  diseases  in  1967  is  computed  for  the  following 
expenditures:  1)  hospital  care,  2)  physicians'  services,  3)  drugs, 

4)  nursing  home  care,  and  5)  medical  professional  services  other  than  by 
physicians  and  dentists.  Due  to  the  lack  of  data,  estimates  of  other  health 
expenditures  for  these  diseases  could  not  be  prepared.  The  procedures  for 

* A more  current  estimate  (Fiscal  Year  1970)  is  $67.2  billion  which  is  not 
shown  in  the  tables  because  the  corresponding  costs  of  arteriosclerotic  and 
hypertensive  diseases  could  only  be  estimated  for  1967. 
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TABLE  2 


Estimated  Direct  Costs  of  Morbidity  from  Arteriosclerotic  and 
Hypertensive  Diseases  by  Type  of  Expenditure,  United  States,  1967* 


Amount  (in  millions) 

Type  of  Expenditure** 

Diagnosis 

Total 

Hospital 

Care 

Physicians ' 
Services 

Drugs 

Nursing 

Home 

Care 

Other 

Medical 

Profess- 

ional 

Services 

Total 

$4,291 

$2,253 

$843 

$599 

$462 

$134 

Arteriosclerotic 
Heart  Disease 

2,072 

1,280 

319 

237 

171 

65 

Stroke 

971 

577 

103 

57 

204 

30 

Diseases  of 
Arteries 

354 

216 

51 

28 

48 

11 

Hypertensive 

Diseases 

894 

180 

370 

277 

39 

28 

* From  Tables  6,  8,  9,  11  and  12 

**  Excludes  expenditures  for  dentists'  services,  eyeglasses  and  appliances, 
prepayment  and  administration,  government  and  other  health  services, 
research  and  medical  facilities  construction. 
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TABLE  3 


Estimated  Man-Years  Lost  to  Productivity  and  Indirect  Costs  Due  to  Morbidity 
from  Arteriosclerotic  and  Hypertensive  Diseases;  United  States,  1967* 


Diagnosis 


Man-Years  Lost 
to  Productivity** 
(in  millions) 


Indirect  Costs 
Due  to  Morbidity** 
(in  millions) 


Total 

Arteriosclerotic  Heart  Disease 
Stroke 

Diseases  of  Arteries 
Hypertensive  Diseases 


227.5 

$1,133 

63.3 

370 

56.2 

235 

7.7 

31 

100.3 

497 

* From  Table  13 

**  Includes  losses  by  currently  employed  persons  and  housewives. 
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TABLE  4 


Estimated  Indirect  Costs  of  Mortality*  from  the  Arteriosclerotic  and 
Hypertensive  Diseases,  by  Broad  Age  Group;  United  States,  1967** 


Diagnosis 

Amount  (in  millions) 

Total 

Under 
Age  65 

Age  65 
and  Over 

Total 

$18,464 

$11,135 

$7,329 

Arteriosclerotic  Heart 

Disease 

13,103 

8,284 

4,819 

Stroke 

3,399 

1,760 

1,639 

Diseases  of  Arteries 

698 

324 

374 

Hypertensive  Diseases 

1,264 

767 

— 

497 

* Present  value  of  lifetime  earnings  (discounted  at  6%)  of  persons  who  died 
of  arteriosclerotic  and  hypertensive  diseases. 

**  From  Table  26 
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TABLE  5 


Aggregate  National  Health  Expenditure  by  Type  of  Expenditure, 

United  States,  1967^ 


Type  of  Expenditure 

Amount 

(in  millions) 

Total 

$50,763 

Health  Services  and  Supplies 

47,054 

Hospital  care 

18,029 

Physicians'  services 

10,287 

Drugs  and  drug  sundries 

5,652 

Nursing  home  care 

1,858 

Other  professional  services 

1,158 

Dentists'  services 

3,360 

Eyeglasses  and  appliances 

1,609 

Prepayment  and  administration 

1,760 

Government  public  health 

942 

Other  health  services 

2,399 

Research  and  Medical  Facilities  Construction 

3,709 

Research 

1,703 

Construction 

2,006 
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estimating  these  five  types  of  expenditures  are  explained  below. 


Hospital  care.  CaAz  o $ aAtoAiobcloAotLc.  and  kypeAt&nAive.  pati2.nt6  in  thz 
nation' t>  bhonX-toAm  hoipitjalA  aobt  an  utunatud  $2.3  billion  in  1967 
nzpneA anting  29.4  m^dlaon  dayi>  ofa  00Ji<l  (Table  6).  Unpublished  provisional 
data  from  the  Hospital  Discharge  Survey  were  provided  by  the  National  Center 
for  Health  Statistics  on  the  total  number  of  days  of  in-patient  hospital 
care  in  1967  and  the  number  due  to  the  arteriosclerotic  and  hypertensive 
diseases. ^ The  Hospital  Discharge  Survey  is  a continuing  probability  sample 
of  all  short-term  hospitals  in  the  nation  excluding  military  and  Veterans 
Administration  hospitals  and  hospital  units  of  institutions.  Short-term 
means  under  30  days  average  stay  per  discharge.  Patients  were  tabulated 
according  to  the  diagnosis  listed  first  on  the  summary  sheet  of  the  patients' 
records.  The  percent  distribution  of  the  number  of  days  of  care  was  applied 
to  the  amount  of  hospital  care  expenditures  for  all  illnesses  (from  Table  5) , 
to  yield  the  estimated  amount  of  hospital  care  expenditures  due  to  arterio- 
sclerotic and  hypertensive  diseases  (Table  6) . This  method  assumes  that 
the  estimated  expenditures  for  hospital  care  are  distributed  by  diagnosis 
similar  to  the  distribution  of  hospital  days  of  care  by  first-listed  diag- 
nosis . 

Table  7 shows  the  estimated  cost  per  arteriosclerotic  and  hypertensive 
patient  discharged  from  short-term  hospitals.  The  number  of  discharges 
includes  inpatients  discharged  more  than  one  time  during  1967,  whereas  the 
costs  are  for  both  inpatients  and  outpatients.  It  is  assumed  that  this  has 
only  a small  effect  on  the  cost  per  discharge. 
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TABLE  6 


Estimated  Number  of  Days  of  Hospital  Care  and  Expenditures  Due  to 
Arteriosclerotic  and  Hypertensive  Diseases,  Short-Stay  Hospitals 

in  the  United  States,  1967^ 


Diagnosis 

Number  of 
Days  of  Care 
(in  thousands) 

Percent 

of 

Total 

Amount  of 
Expenditures 
(in  millions) 

Total  - All  Diagnoses 

235,057 

100.0%. 

$18,029 

Arteriosclerotic  and 

Hypertensive  Diseases 

29,373 

12.5 

2,253 

Arteriosclerotic  heart 

disease 

16,578 

7.1 

1,280 

Stroke 

7,639 

3.2 

577 

Diseases  of  arteries 

2,860 

1.2 

216 

Hypertensive  diseases 

2,296 

1.0 

180 

Other  Diseases 

205,684 

87.5 

15,776 
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TABLE  7 


Estimated  Cost  per  Inpatient  Discharged  from  Short-Stay  Hospitals 
for  Arteriosclerotic  or  Hypertensive  Disease,  United  States,  1967 


Diagnosis 


Number  of 
Discharges* 
(in  thousands) 


Hospital 
Care  Costs** 
(in  millions) 


Cost  per 
Hospital 
Discharge*** 


Total 

Arteriosclerotic  Heart 
Disease 

Stroke 

Diseases  of  Arteries 
Hypertension 


1,994 

$2,253 

$1,130 

1,137 

1,280 

1,126 

453 

577 

1,274 

169 

216 

1,278 

235 

180 

766 

* From  unpublished  provisional  data  from  the  Hospital  Discharge  Survey 

**  From  Table  6. 

***  Hospital  care  costs  divided  by  number  of  discharges. 
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Physicians*  Services.  Physician  care  of  arteriosclerotic  and  hypertensive 
disease  patients  cost  an  estimated  $843  million  in  1967,  representing  105 
million  visits  to  physicians  in  private  practice  by  these  patients.  Visit 
estimates  were  reported  by  the  National  Disease  and  Therapeutic  Index  on 
the  total  number  of  patient  visits  to  physicians  in  private  practice  in  1967 
and  the  number  due  to  arteriosclerotic  and  hypertensive  diseases  (Table  8). 7 
The  National  Disease  and  Therapeutic  Index  is  a service  of  Lea  Associates, 

Inc.  of  Ambler,  Pennsylvania.  It  is  a continuing  study  of  private  medical 
practice  in  the  United  States  in  which  data  are  obtained  from  a representative 
sample  of  physicians  who  report  case  history  information  on  private  patients 
seen  over  a period  of  time. 

In  Table  8,  the  percent  distribution  of  the  estimated  number  of  patient 
visits  to  physicians  was  applied  to  the  total  amount  of  expenditures  for 
physicians'  services  (from  Table  5),  to  yield  the  estimated  amount  of 
expenditures  due  to  the  arteriosclerotic  and  hypertensive  diseases  in  1967. 
This  assumes  that  the  estimated  expenditures  for  physicians'  services  are 
distributed  by  diagnosis  similar  to  the  distribution  of  patient  visits  to 
physicians  by  diagnosis. 

Drugs . An  estimated  $599  million  was  spent  for  drugs  in  1967  for  the 
treatment  of  arteriosclerotic  and  hypertensive  disease  patients  (Table  9) . 
Estimates  of  patient  visits  to  physicians  were  reported  by  the  National 
Disease  and  Therapeutic  Index  according  to  whether  or  not  medication  was 
prescribed.  In  Table  9,^  the  percent  distribution  by  diagnosis  of  visits 
for  which  medication  was  prescribed  was  applied  to  the  total  amount  of 
expenditures  for  drugs  (from  Table  5) , to  yield  the  estimated  amount  of 
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TABLE  8 


Estimated  Number  of  Patient  Visits  to  Physicians,  and  Expenditures 
for  Physicians'  Services  Due  to  Arteriosclerotic  and  Hypertensive 
Diseases,  United  States,  1967'*’^ 


Diagnosis 


Number  of 

Visits  to  Physicians 
(in  thousands) 


Percent 

of 

Total 


Expenditures 
for  Physicians 
Services 
(in  millions) 


Total  - All  Diseases 

Arteriosclerotic  and 

Hypertensive  Diseases 

Arteriosclerotic 
heart  disease 
Stroke 

Diseases  of  arteries 
Hypertensive  diseases 

Other  Disease 


1,284,817 

100.0% 

$10,287 

105,190 

8.2 

843 

40,116 

3.1 

319 

12,449 

1.0 

103 

6,107 

0.5 

51 

46,518 

3.6 

370 

1,179,627 

91.8 

9,444 

f 
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TABLE  9 


Estimated  Number  of  Patient  Visits  to  Physicians  for  Which  Drugs 
Were  Prescribed,  and  Expenditures  for  Drugs  Due  to  Arteriosclerotic 
and  Hypertensive  Diseases,  United  States,  1967  ^ ^ 


Diagnosis 

Number  of 

Visits  to  Physicians 
for  Which  Drugs 
Were  Prescribed 

(in  thousands) 

Percent 

of 

Total 

Expenditures 
for  Drugs 

(in  millions) 

Total  - All  Diseases 

885,964 

100.0 

$5,652 

Arteriosclerotic  and 

Hypertensive  Diseases 

93,638 

10.6 

599 

Arteriosclerotic 

heart  disease 

36,884 

4.1 

237 

Stroke 

9,148 

1.0 

57 

Diseases  of  arteries 

4,268 

0.5 

28 

Hypertensive  diseases 

43,338 

4.9 

277 

Other  Diseases 

792,326 

89.4 

5,053 
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expenditures  due  to  the  arteriosclerotic  and  hypertensive  diseases  in  1967. 
This  assumes  that  the  estimated  expenditures  for  drugs  are  distributed  by 
diagnosis  similar  to  the  distribution  by  diagnosis  of  patient  visits  to 
physicians  when  medication  was  prescribed. 

Nursing  Home  Care.  Data  from  a 1964  survey  of  nursing  and  personal  care 
homes  gives  an  estimated  percent  distribution  of  selected  chronic  conditions 

g 

observed  among  the  residents  (Table  10) . These  chronic  conditions 
correspond  approximately  to  the  four  diagnostic  categories  comprising  the 
arteriosclerotic  and  hypertensive  diseases.  By  applying  this  percent  dis- 
tribution to  the  estimated  total  expenditures  for  nursing  home  care  in  1967, 
an  estimated  $462  million  was  expended  for  nursing  home  care  for  residents 
with  arteriosclerotic  and  hypertensive  disease  (Table  11) . 

Other  Medical  Professional  Services.  Due  to  the  lack  of  data,  the  portion 
of  expenditures  for  other  medical  and  professional  services  that  was  due  to 
arteriosclerotic  and  hypertensive  diseases  had  to  be  estimated  by  applying 
the  percent  distribution  of  the  combined  expenditures  for  hospital  care, 
physicians’  services,  and  nursing  home  care  and  drugs  to  the  total  expendi- 
tures for  nursing  home  care  and  other  medical  professional  services  (Table 
12) . The  total  estimated  costs  of  the  arteriosclerotic  and  hypertensive 
diseases  was  $134  million  for  this  category. 

INDIRECT  COSTS  OF  MORBIDITY 

Productivity  loss  because  of  illness  and  disability  from  arteriosclerotic 
and  hypertensive  diseases  cost  the  nation  $1.1  billion  in  1967  (Table  13). 
These  losses  are  measured  in  terms  of  man-years  of  work  lost  and  the  economic 
value  of  the  associated  lost  earnings.  The  estimated  losses  are  given 
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TABLE  10 


Percent  Distribution  by  Diagnosis  of  the  Number  of  Chronic 
Conditions  Reported  Among  Residents  of  Nursing  and  Personal 
Care  Homes,  United  States,  May  - June,  1964  ^ 


Diagnosis 

Number  of 
Conditions 

Percent  of 
Total  Conditions 

Total  Chronic  Conditions 

1,703,700 

100.0 

Arteriosclerotic  and 

Hypertensive  Diseases 

423,200 

24.9 

Diseases  of  the  heart 

156,500 

9.2 

Stroke 

188,100 

11.0 

General  arteriosclerosis 
Hypertension  without 

43,500 

2.6 

mention  of  the  teart 

35,100 

2.1 

All  other  Chronic  Conditions 

1,280,500 

75.1 
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TABLE  11 


Estimated  Expenditures  for  the  Care  of  Residents  with 
Arteriosclerotic  and  Hypertensive  Diseases  in  Nursing 
Homes,  United  States,  1967 


Diagnosis 

Percent  of 
Conditions  Reported 
in  Nursing  Homes* 

Expenditures 
(in  millions) 

Total  - All  Diseases 

100.0% 

$1,858** 

Arteriosclerotic  and 

Hypertensive  Diseases 

24.9 

462 

Arteriosclerotic  heart 

disease 

9.2 

171 

Stroke 

11.0 

204 

Diseases  of  arteries 

2.6 

48 

Hypertensive  diseases 

2.1 

39 

Other  Diseases 

75.1 

1,396 

* From  Table  10. 

**  From  Table  5. 


327 


TABLE  12 


Estimated  Expenditures  for  Other  Personal  Care  Services*  for 
Arteriosclerotic  , and  Hypertensive  Diseases;  United  States  1967  5-7 


Diagnosis 

Expenditures  for  Hospital 
Care,  Physicians'  Services, 
Drugs  and  Nursing  Home  Care 

Expenditures 
for  Other 
Professional 
Services 

\ 

Amount** 

(in  millions) 

Percent  of 
Total 

Total  - all  diseases 

$35,826 

100.0% 

j 

v I 

$1,158*** 

\ 

Arteriosclerotic  and 

Hypertensive  Diseases 

4,157 

11.6 

134 

l 

Arteriosclerotic  heart 

) 

disease 

2,007 

5.6 

65 

Stroke 

941 

2.6 

30 

Diseases  of  arteries 

343 

1.0 

11 

Hypertensive  diseases 

866 

2.4 

28 

Other  Diseases 

31,669 

88.4 

1,024 

* Includes  expenditures  for  medical  professional  services  other  than 
by  physicians  and  dentists. 

**  From  Tables  6,  8,  9 and  11. 

***  From  Table  5 
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TABLE  13 


Summary  of  the  Estimated  Man-Years  Lost  and  Indirect  Costs  Due 
to  Morbidity  From  Arteriosclerotic  and  Hypertensive  Diseases, 
by  Broad  Age  Groups, United  States,  1967* 


Age 

Total  of 
These 

Conditions 

Arteriosclerotic 

Heart 

Disease 

Stroke 

Diseases 

of 

Arteries 

Hypertensive 

Diseases 

Man-Years  Lost  (in 

thousands) 

17  and  over 

227.5 

63.3 

56.2 

7.7 

100.3 

17-44 

22.2 

6.4 

1.7 

- 

14.1 

45-64 

105.5 

36.6 

16.1 

1.9 

50.9 

65  and  over 

99.6 

20.1 

38.3 

5.8 

35.4 

Indirect  Costs  (in  millions) 

17  and  over 

$1,133 

$370 

$235 

$31 

$497 

17-44 

116 

40 

7 

— 

69 

45-64 

632 

249 

79 

12 

292 

65  and  over 

385 

81 

149 

19 

136 

*From  Tables  14  and  20 
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below  for  two  population  groups:  1)  persons  currently  employed  in  the  labor 

force,  and  2)  housewives.  Due  to  the  lack  of  data,  losses  are  not  estimated 
for:  1)  persons  in  the  labor  force  who  are  unable  (or  do  not  choose)  to 

work  at  all,  and  2)  persons  who  reside  in  institutions  (mental,  tuberculosis, 
etc.)  who  otherwise  would  be  in  the  labor  force. 

Currently  Employed  Population.  Morbidity  from  the  arteriosclerotic  and 
hypertensive  diseases  among  currently  employed  persons  resulted  in  80  million 
man-years  of  work  lost,  or  $680  million  in  1967  (Table  14) . For  the  12 
months  ending  June  30,  1967,  the  estimated  number  of  days  lost  from  work 
associated  with  arteriosclerotic  and  hypertensive  conditions  was  furnished 
by  the  National  Center  for  Health  Statistics  from  the  National  Health 

9 

Interview  Survey.  This  is  a continuing  survey  interviewing  a represen- 

tative sample  of  the  nation's  civilian,  noninstitutionalized  population, 
to  determine  the  presence  of  acute  and  chronic  conditions  and  the  number 
of  days  of  disability  from  these  conditions.  The  average  annual  number  of 
work-loss  days  was  estimated  for  the  period  1965  to  1967.  Those  coded  to 
the  arteriosclerotic  and  hypertensive  diseases  are  given  in  this  report. 
Estimates  of  work-loss  days  contain  some  duplication  because  disability  might 
be  due  to  more  than  one  condition.  It  should  also  be  pointed  out  that  the 
variance  of  some  of  the  estimates  is  very  large. 

In  Tables  15  to  18  the  estimated  work-loss  days  were  divided  by  245,  the 
approximate  number  of  working  days  in  a year,  to  obtain  the  number  of  man- 
years  lost.  Mean  annual  earnings,  by  age  and  sex,  were  then  applied  to  the 
man-years  lost  to  obtain  the  indirect  costs  for  the  currently  employed  popu- 
lation prevented  from  working  due  to  arteriosclerotic  and  hypertensive  dis- 
eases. The  average  annual  earnings  (wages  and  salaries  before  deductions) 
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TABLE  14 


Summary  of  the  Estimated  Indirect  Costs  of  Morbidity  from 
Arteriosclerotic  and  Hypertensive  Diseases  Among  the  Currently 
Employed  Population,  United  States,  1967  * 


Age 

and 

Sex 

Total  of 
These 

Conditions 

Arteriosclerotic 

Heart 

Disease 

Stroke 

Diseases 

of 

Arteries 

Hypertensive 

Diseases 

Man-Years  Lost  (in  thousands) 

Total 

89.3 

36.3 

12.4 

1.1 

39.5 

17-44 

11.4 

4.9 

0.4 

- 

6.1 

45-64 

61.9 

27.1 

5.8 

1.1 

27.9 

65  & over 

15.8 

4.1 

6.1 

- 

5.6 

Men 

69.0 

28.6 

10.6 

1.1 

28.7 

17-44 

9.2 

4.1 

0.3 

- 

4.8 

45-64 

44.6 

20.4 

4.1 

1.1 

19.0 

65  & over 

15.1 

4.0 

6.1 

- 

5.0 

Women 

20.3 

7.6 

1.9 

- 

10.8 

17-44 

2.2 

0.8 

0.1 

- 

1.3 

45-64 

17.3 

6.7 

1.7 

- 

8.9 

65  & over 

0.7 

0.1 

- 

- 

0.6 

Indirect  Costs  (in  thousands) 

Total 

$679,671 

$281,246 

$91,425 

$9,842 

$297,158 

17-44 

80,457 

35,021 

2,754 

— 

42,682 

45-64 

489,395 

217,513 

45,562 

9,842 

216,478 

65  & over 

109,819 

28,712 

43,109 

— 

37,998 

Men 

576,018 

242,103 

82,083 

9,842 

241,990 

17-44 

70,269 

31,316 

2,291 

— 

36,662 

45-64 

399,037 

182,519 

36,683 

9,842 

169,993 

65  & over 

106,712 

28,268 

43,109 

— 

35,335 

Women 

103,653 

39,143 

9,342 

— 

55,168 

17-44 

10,188 

3,705 

463 

— 

6,020 

45-64 

90,358 

34,994 

8,879 

46,485 

65  & over 

3,107 

444 

— 

— 

2,663 

* From  Tables,  15,  16,  1?  and  18. 
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TABLE  15 


Estimated  Man-Years  Lost  to  Productivity  and  Lost  Earnings 

Due  to  Illness  from  Arteriosclerotic  Heart  Diseases,  Currently 

q_i  9 

Employed  Persons,  United  States,  1967 


Age 

and 

Sex 

Work-Loss 

Days 

(in  thousands) 

Man-Years 

Lost 

(in  thousands) 

Annual 

Mean 

Earnings 

Lost 

Earnings 
(in  thousands) 

Total 

8,883 

36.3 

- 

$281,246 

Men  17  & 
over 

7,010 

28.6 

- 

242,103 

17-44 

1,011 

4.1 

$7,638 

31,316 

45-64 

5,010 

20.4 

8,947 

182,519 

65  & over 

989 

4.0 

7,067 

28,268 

Women  17 

& over 

1,873 

7.6 

- 

39,143 

17-44 

208* 

0.8 

4,631 

3,705* 

45-64 

1,633 

6.7 

5,223 

34,994 

65  & over 

32* 

0.1 

4,438 

444* 

* Figure  does  not  meet  standards  of  reliability  or  precision. 
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TABLE  16 


Estimated  Man-Years  Lost  to  Productivity  and  Lost  Earnings 
Due  to  Illness  from  Stroke  Currently  Employed  Persons, 
United  States,  1967  ^“^-^ 


Age 

and 

Sex 

Work-Loss 

Days 

(in  thousands) 

Man-Years 

Lost 

(in  thousands) 

Annual 

Mean 

Earnings 

Lost 

Earnings 
(in  thousands) 

Total 

3,048 

12.4 

- 

$91,425 

Men  17  & 
over 

2,591 

10.6 

- 

82,083 

17-44 

77* 

0.3* 

$7,638 

2,291* 

45-64 

1,010 

4.1 

8,947 

36,686 

65  & over 

1,504 

6.1 

7,067 

43,109 

Women  17 
& over 

457* 

1.9* 

- 

9,342* 

17-44 

30* 

0.1 

4,631 

463* 

45-64 

427* 

1.7* 

5,223 

8,879* 

65  & over 

0 

- 

4,438 

- 

9 

* Figure  does  not  meet  standards  of  reliability  or  precision. 
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TABLE  17 


Estimated  Man-Years  Lost  to  Productivity  and  Lost  Earnings 
Due  to  Illness  from  Diseases  of  Arteries,  Currently  Employed 
Persons,  United  States,  19679-12 


Age 

and 

Sex 

Work-Loss 

Days 

(in  thousands) 

Man-Years 

Lost 

(in  thousands 

Annual 

Mean 

Earnings 

Lost 

Earnings 
(in  thousands) 

Total 

266* 

1.1* 

_ 

$9,842* 

Men  17 
& over 

265* 

1.1* 

- 

9,842* 

17-44 

0 

- 

$7,638 

- 

45-64 

265* 

1.1* 

8,947 

9,842* 

65  & over 

0 

- 

7,067 

- 

Woman  17 
& over 

0 

- 

- 

- 

17-44 

0 

- 

4,631 

- 

45-64 

0 

- 

5,223 

- 

65  & over 

0 

- 

4,438 

- 

9 

* Figure  does  not  meet  standards  of  reliability  or  precision. 
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TABLE  18 


Estimated  Man-Years  Lost  to  Productivity  and  Lost  Earnings 
Due  to  Illness  from  Hypertensive  Diseases,  Currently  Employed 
Persons,  United  States,  1967  9-12 


Age 

and 

Sex 

Work-Loss 

Days 

(in  thousands) 

Man-Years 

Lost 

(in  thousands) 

Annual 

Mean 

Earnings 

Lost 

Earnings 
(in  thousands) 

Total 

9,685 

39.5 

- 

$297,158 

Men  17  & 
over 

7,038 

28.7 

- 

241,990 

17-44 

1,170 

4.8 

$7,638 

36,662 

45-64 

4,655 

19.0 

8,947 

169,993 

65  & over 

1,213 

5.0 

7,067 

35,335 

Women  17 
& over 

2,648 

10.8 

- 

55,168 

17-44 

326* 

1.3 

4,631 

6,020* 

45-64 

2,182 

8.9 

5,223 

46,485 

65  & over 

139* 

0.6* 

4,438 

2,663* 

* Figure  does  not  meet  standards  of  reliability  or  precision. 
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were  estimated  for  full-time,  year-round,  civilian  workers  (Tables  19A  and 
19B) . These  estimates  of  earnings  were  obtained  by  increasing  the  estimates 

available  for  1964^  by  the  ratio  of  the  median  income  of  men  and  women  in 

11  12 
1967  to  the  corresponding  median  income  in  1964.  Average  earnings  for 

persons  14  to  44  years  of  age  are  assumed  to  be  approximately  the  same  as  for 

individuals  age  17  to  44. 

Housewives'  Services.  Morbidity  from  arteriosclerotic  and  hypertensive 
diseases  among  housewives  resulted  in  138  million  man-years  lost  from  house- 
work or  $453  million  in  1967  (Table  20).  "Housewives'  services  are  estimated 
at  the  average  earnings  of  a domestic  worker.  This  imputed  value  is  clearly 
on  the  low  side  for  it  makes  no  allowance  for  the  housewife's  longer  work 
week  and  takes  no  account  of  the  size  of  the  household  cared  for.  Although 
the  economic  contributions  of  housewives  are  not  included  in  the  national  in- 
come accounts,  omitting  the  value  of  their  services  in  the  calculation  of 
indirect  costs  distorts  comparisons  of  costs  among  illnesses  with  different 
distributions  by  sex."'*' 

9 

Unpublished  data  from  the  National  Health  Interview  Survey  provided  the 
estimated  number  of  days  of  disability  in  bed  and  days  lost  from  work  due 
to  each  of  the  arteriosclerotic  and  hypertensive  diseases,  by  age,  for 
women  (Tables  21  to  24) . The  number  of  work-loss  days  was  deducted  from  the 
bed  disability  days,  and  the  resulting  figure  (adjusted  bed  disability 
days)  was  divided  by  365  to  obtain  the  estimated  number  of  bed  disability 
years  attributed  to  these  diseases.  Multiplying  this  figure  by  the  percent 
of  women  not  in  the  labor  force  who  keep  house  (from  Table  25)  yields  an 
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TABLE  19A 


Computation  of  the  Estimated  Mean  Annual  Earnings  of  Men  and  Women 
Working  Full-time  Year-round,  by  Age,  United  States,  1967^  ^ 


ge 

nd 

ex 

Adjusted 

Mean 

Earnings 

1964 

Median 

Income 

1964 

Median 

Income 

1967 

Ratio  of 
1967  to 
1964  Median 
Income 

Mean 

Earnings 

1967 

Number  of 
Persons 
with  In- 
come 

(in  l.OOQn' 

Number  of 
Persons  times 
Mean  Earnings 
, 1967 

(in  millions) 

fen 

>-19 

$2,829 

$ 2,364 

$ 2,716 

1.15 

$ 3,253 

3,186 

$ 10,364 

1-24 

4,634 

4,339 

5,312 

1.22 

5,653 

4 ,8019 

27,185 

> -34 

6,963 

6,279 

7,275 

1.16 

8,077 

9,989 

80,681 

>-44 

8,131 

6,969 

8,078 

1.16 

9,432 

10,676 

100,696 

>-54 

7,852 

6,582 

7,851 

1.19 

9,344 

9,990 

93,347 

i-64 

7,148 

6,027 

7,024 

1.17 

8,363 

6,775 

56,659 

+ 

5,939 

4,599 

5,488 

1.19 

7,067 

2,058 

14 , 544 

men 

-19 

3,387 

2,830 

2,927 

1.03 

3,489 

2,496 

8,709 

-24 

3,800 

3,559 

3,970 

1.12 

4 , 256 

3,690 

15,705 

-34 

4,307 

3,893 

4,491 

1.15 

4,953 

4,587 

22,719 

-44 

4,495 

3,846 

4,374 

1.14 

5,124 

5,608 

28,735 

-54 

4,507 

3,775 

4,445 

1.18 

5,318 

5,799 

30,839 

-64 

4,341 

3,658 

4,262 

1.17 

5,079 

3,762 

19,107 

f 

3,827 

2,960 

3,441 

1.16 

4,439 

953 

4,230 

337 


TABLE  19B 


Computation  of  the  Estimated  Mean  Annual  Earnings  of  Men  and  Women 
Working  Full-time  Year-round,  by  Broad  Age  Groups,  United  States,  1967 


Age 

and 

Sex 

Number  of 
Persons  with 
Income 

(in  1,000’s)* 

Number  of 
Persons 
Times  Mean 
Earnings 

1967  * (in  millions) 

Mean 

Earnings 

1967 

Men 

14-44 

28,660 

218,926 

$ 7,638 

45-64 

16,765 

150,006 

8,947 

65+ 

2,058 

14,544 

7,067 

Women 

14-44 

16,381 

75,868 

4,631 

45-64 

9,561 

49,946 

5,223 

65+ 

953 

4,230 

4,438 

* From  Table  19A 
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TABLE  20 


Summary  of  Estimated  Man-Years  Lost  and  Costs  for  Females  Unable 
to  Keep  House  due  to  Arteriosclerotic  and  Hypertensive  Diseases, 

United  States,  1967  * 


Age 

Total  of  These 
Conditions 

Arteriosclerotic 
Heart  Disease 

Stroke 

Diseases 

of 

Arteries 

Hypertensive 

Diseases 

Man-Years  Lost  i 

'in  thousands) 

17  and  over 

138.2 

27.0 

43.8 

6.6 

60.8 

17-44 

10.8 

1.5 

1.3 

— 

8.0 

45-64 

43.6 

9.5 

10.3 

0.8 

23.0 

65  and  over 

83.8 

16.0 

32.2 

5-8 

29.8 

Indirect  Costs  (In  Thousands) 

17  and  over 

$453,435 

$88,588 

$143,707 

$21,655 

$199,485 

17-44 

35,435 

4,922 

4,265 

— 

26,248 

45-64 

143,052 

31,170 

33,794 

2,625 

75,463 

65  and  over 

274,948 

52,496 

105,648 

19,030 

97,774 

* From  Tables  21-24 
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TABLE  21 


Data  for  Estimating  the  Imputed  Value  of  Earnings  Lost  Due  to  Arterio- 
sclerotic Heart  Disease,  by  Women  Not  in  the  Labor  Force  Who  Keep  House, 
by  Broad  Age  Groups,  United  States,  1967  9,13,14 


(Number  in  Thousands) 


Age 

Bed 

Disability 

Days 

Work- 

Loss 

Days 

Adjusted 

Bed 

Disability 

Days 

Bed 

Disability 

Years 

Percent 

Keeping 

House 

Man-Years 
Lost  by 
Women  Who 
Keep  House 

Imputed  Value 
of  Lost 
Earnings 

17  & Over 

12,777 

1,873 

10,904 

29.8 

— 

27.0 

$88,588 

17-44 

876* 

208* 

668* 

1.8* 

83.7% 

1.5* 

4,922* 

45-64 

5,248 

1,633 

3,615 

9.9 

95.8% 

9.5 

31,170 

65  & Over 

6,653 

32* 

6,621* 

18.1* 

88.3% 

16.0* 

52,496* 

* Figure  does  not  meet  standards  of  reliability  or  precision. 
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TABLE  22 


Data  for  Estimating  the  Imputed  Value  of  Earnings  Lost  Due  to  Stroke, 
by  Women  not  in  the  Labor  Force  Who  Keep  House,  by  Broad  Age  Groups. 

United  States,  1967  M3,l4 

(Number  in  Thousands) 


Age 

Bed 

Disability 

Days 

Work- 

Loss 

Days 

Adjusted 

Bed 

Disability 

Days 

Bed 

Disability 

Years 

Percent 

Keeping 

House 

’ 

Man-Years 
Lost  by 
Women  who 
Keep  House 

* 

Imputed  Value 
of  Lost  Earnings 

17  & over 

18,271 

457* 

17,814* 

48.8* 

— 

43.8* 

$143,707* 

17-44 

573* 

30* 

543* 

1.5* 

83.7% 

1.3* 

4,265* 

45-64 

4,362 

427* 

3,935* 

10.8* 

95.8% 

10.3* 

33,794* 

65  & over 

13,336 

0 

13,336 

36.5 

88.3% 

32.2 

105,648 

* Figure  does  not  meet  standards  of  reliability  or  precision. 
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TABLE  23 


Data  for  Estimating  the  Imputed  Value  of  Earnings  Lost  Due  to  Diseases 
of  Arteries,  by  Women  Not  in  the  Labor  Force  Who  Keep  House,  by  Broad 
Age  Groups,  United  States,  1967  ^>13, 


(Number  in  Thousands) 


Age 

Bed 

Disability 

Days 

Work- 

Loss 

Days 

Adjusted 

Bed 

Disability 

Days 

Bed 

Disability 

Years 

Percent 

Keeping 

House 

Man-Years 
Lost  by 
Women  who 
Keep  House 

Imputed  Value 
of  Lost  Earnings 

17  St  over 

2,688 

0 

2,688 

7.4 

— 

6 o 6 

$21,655 

17-44 

0 

0 

— 

— 

83.7  % 

— 

— 

45-64 

282* 

0 

282* 

0.8* 

95.8% 

0.8* 

2,625* 

65  & over 

2,407 

0 

2,407 

6.6 

88.3% 

5.8 

19,030 

* Figure  does  not  meet  standards  of  reliability  or  precision. 


9 


342 


TABLE  24 


Data  for  Estimating  the  Imputed  Value  of  Earnings  Lost  Due  to 
Hypertensive  Disease,  by  Women  Not  in  the  Labor  Force  Who  Keep  House, 
by  Broad  Age  Groups,  United  States,  1967  9 >-*-3, 14 

(Numbers  In  Thousands) 


Age 

Bed 

Disability 

Days 

Work- 

Loss 

Days 

Adjusted 

Bed 

Days 

Bed 

Disability 

Years 

Percent 

Keeping 

House 

Man-Years 
Lost  by 
Women  Who 
Keep  House 

Imputed  Value 
of  Lost 
Earnings 

17  & ov< 

r 27,190 

2,648 

24,542 

67.2 

~ 

60.8 

$199,485 

17-44 

3,814 

326* 

3,488* 

9.6* 

83.7% 

8.0* 

26,248 

45-64 

10,934 

2,182 

8,752 

24.0 

95.8% 

23.0 

75,463 

65  & 

Over 

12,442 

139* 

12,303* 

33.7* 

88.3% 

29.8* 

97,774* 

* Figure  does  not  meet  standards  of  reliability  or  precision. 
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TABLE  25 


Computation  of  the  Estimated  Number  of  Females  in  the  Noninstitution- 
alized  Population,  Not  in  the  Labor  Force,  Who  Keep  House,  by  Broad 
Age  Groups,  United  States,  1967  13 

(Number  in  Thousands) 


Age 

Number  of  Females 
Not  In 
Labor  Force 

Number 

Keeping 

House 

Percent 

Keeping 

House 

17-44 

19,362 

16,201 

83.7% 

45-64 

10,806 

10,353 

95.8% 

65  & Over 

9,243 

8,166 

88.3% 

344 


estimate  of  the  bed  disability  years  for  women  who  keep  house,  which  is 

termed  "man-years  lost  by  women  who  keep  house."  The  imputed  economic  value 

of  these  man-years  lost  is  obtained  by  multiplying  the  man-years  lost  by 

the  average  wages  of  a domestic  worker,  which  is  $3,281  per  year  after  ad- 

14 

justments  for  wage  supplements. 


INDIRECT  COSTS  OF  MORTALITY 

The  estimated  indirect  economic  costs  to  the  nation  of  the  more  than  942,000 
deaths  in  1967  from  the  arteriosclerotic  and  hypertensive  diseases  amounted 
to  $18.5  billion  (Table  26).  Based  on  this  estimate  the  indirect  costs  of 
mortality  are  represented  by  the  product  of  the  number  of  deaths  from  these 
diseases  and  the  expected  value  of  an  individual's  future  earnings,  with 
sex  and  age  taken  into  account.  The  numbers  of  deaths  by  age,  sex,  and 
cause  are  published  by  the  National  Center  for  Health  Statistics.^  Unpub- 
lished discounted  lifetime  earnings  by  sex  for  five-year  age  groups  are 
available  for  1964  (Table  27).^  These  figures  were  increased  by  the  ratio 

of  the  median  income  of  men  and  women  in  1967^  to  the  median  income  in 
12 

1964.  This  assumes  that  employment  levels  remain  the  same  over  these 
years.  The  present  value  of  lifetime  earnings  (Table  27)  was  multiplied 
by  the  number  of  deaths  from  arteriosclerotic  and  hypertensive  diseases, 
by  age  and  sex,  to  yield  the  indirect  costs  of  mortality  from  these  diseases 
(Tables  28  to  31) . 

As  stated  elsewhere,  the  computation  of  lifetime  earnings,  as  done  for  1964, 
"required  consideration  of  life  expectancy  for  different  age  and  sex  groups, 
changing  pattern  of  earnings  at  successive  ages,  varying  labor  force  partici- 
pation rates,  imputed  value  for  housewives'  services,  and  the  appropriate 
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TABLE  26 


Number  of  Deaths  from  Arteriosclerotic  and  Hypertensive  Diseases  and 
the  Estimated  Indirect  Costs  due  to  These  Diseases,  United  States,  1967 


Age 

Number 

of  Deaths 

Indirect  Costs  (in 

thousands) 

Total 

Male 

Female 

Total 

Male 

Female 

Total 

942,240 

518,-226 

424,014 

$18,464,258 

$11,472,151 

$6,992,107 

Under  1 

167 

93 

74 

4,876 

3,269 

1,607 

1-4 

124 

77 

47 

4,253 

3,091 

1,162 

5-9 

137 

69 

68 

5,973 

3,719 

2,254 

10-14 

229 

126 

103 

13,685 

9,107 

4,578 

15-19 

402 

198 

204 

29,783 

18,502 

11,281 

20-24 

595 

289 

306 

50,618 

32,156 

18,462 

25-29 

1,057 

582 

475 

97,747 

69,069 

28,678 

30-34 

2,330 

1,407 

923 

219,000 

164,162 

54,838 

35-39 

5,967 

4,052 

1,915 

552,011 

442,268 

109,743 

40-44 

13,244 

9,671 

3,573 

1,133,550 

939,296 

194,254 

45-49 

24,315 

17,953 

6,362 

1,  76,391 

1,458,609 

317,782 

50-54 

39,388 

29,130 

10,258 

2,318,168 

1,860,999 

457,169 

55-59 

58,546 

42,340 

16,206 

2,606,458 

1,975,542 

630,916 

60-64 

80,208 

55,149 

25,059 

2,322,949 

1,513,344 

809,605 

65-69 

107,172 

67,109 

40,063 

1,986,653 

936,842 

1,049,811 

70-74 

138,610 

79,373 

59,237 

2,187,541 

922,949 

1,264,592 

75-79 

157,581 

80,577 

77,004 

1,926,104 

717,296 

1,208,808 

80-84 

148,007 

67,484 

80,523 

1,035,028 

348,892 

686,136 

84  & Ove 

164,161 

62,547 

101,614 

193,470 

53,039 

140,431 

* From  Tables  28,  29,  30,  and  31 
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TABLE  27 


Estimated  Present  Value  of  Lifetime  Earnings 
by  Age  and  Sex,  United  States,  1964  and  1967 


Age 

Men 

Women 

1964  3 

1967 

1964- a 

1967 

Under  1 

$30,251 

$35,152 

$18,955 

$21,722 

1-4 

34,550 

40,147 

21,753 

24,723 

5-9 

46,393 

53,909 

28,941 

33,166 

10-14 

62,206 

72,283 

38,789 

44,452 

15-19 

80,416 

93,443 

48,255 

55,300 

20-24 

95,755 

111,267 

52,648 

60,335 

25-29 

102,132 

118,677 

52,682 

60,374 

30-34 

100,409 

116,675 

51,845 

59,414 

35-39 

93,931 

109,148 

50,006 

57,307 

40-44 

83,584 

97,125 

47,441 

54,367 

45-49 

69,919 

81,246 

43,586 

49,950 

50-54 

54,979 

63,886 

38,889 

44,567 

55-59 

40,154 

46,659 

33,971 

38,931 

60-64 

23,615 

27,441 

28,192 

32,308 

65-69 

12,014 

13,960 

22,866 

26,204 

70-74 

10,007 

11,628 

18,628 

21,348 

75-79 

7,661 

8,902 

13,698 

15,698 

80-84 

4,449 

5,170 

7,435 

8,521 

85  & Over 

730 

848 

1,206 

1,382 
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TABLE  28 


Number  of  Deaths  from  Arteriosclerotic  Heart  Disease  and  the  Estimated 
Indirect  Costs  Due  to  These  Deaths,  United  States,  1967  ^ 


Age 

Number  0 

: Deaths 

Indirect 

Costs  (in  thousands) 

Total 

Male 

Female 

Total 

Male 

Female 

Total 

625,688 

370,949 

254,739 

$13,102,937 

$8,854,368 

$4,248,569 

Under  1 

51 

34 

17 

1,564 

1,195 

369 

1-4 

30 

16 

14 

988 

642 

346 

5-9 

27 

13 

14 

1,165 

701 

464 

10-14 

38 

25 

13 

2,385 

1,807 

578 

15-19 

106 

74 

32 

8,685 

6,915 

1,770 

20-24 

168 

114 

54 

15,942 

12,684 

3,258 

25-2|9 

421 

302 

119 

43,025 

35,840 

7,185 

30-34 

1,215 

891 

324 

123,207 

103,957 

19,250 

35-39 

3,774 

3,027 

747 

373,199 

330,391 

42,808 

40-44 

9,444 

7,764 

1,680 

845,416 

754,079 

91,337 

45-49 

18,057 

14,663 

3,394 

1,360,840 

1,191,310 

169,530 

50-54 

29,777 

23,813 

5,964 

1,787,115 

1,521,317 

265,798 

55-59 

44,499 

34,259 

10,240 

1,997,144 

1,598,491 

398,653 

60-64 

59,888 

43,494 

16,394 

1,723,176 

1,193,519 

529,657 

65-69 

76,514 

50,400 

-26,114 

1,387,875 

703,584 

684,291 

70-74 

94,674 

56,629 

38,045 

1,470,667 

658,482 

812,185 

75-79 

101,524 

54,439 

47,085 

1,223,756 

484,616 

739,140 

8—84 

90,354 

43,072 

47,282 

625,572 

222,682 

402,890 

85  & Over 

95,127 

37,920 

57,207 

111,216 

32,156 

79,060 
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TABLE  29 


Number  of  Deaths  from  Stroke  and  the  Estimated  Indirect  Costs 


Due  to  These  Deaths,  United  States, 


1967  10>11>12’15 


Number 

of  Deaths 

Indirect  Costs  (in 

thousands) 

Age 

Total 

Male 

Female 

Total 

Male 

Female 

Total 

202,131 

93,046 

109,085 

$3,399,252 

$1,607,594 

$1,791,658 

Under  1 

107 

53 

54 

3,036 

1,863 

1,173 

1-4 

86 

57 

29 

3,005 

2,288 

717 

5-9 

101 

50 

51 

4,386 

2,695 

1,691 

10-14 

151 

85 

66 

9,078 

6,144 

2,934 

15-19 

199 

95 

104 

14,628 

8,877 

5,751 

1 20-24 

262 

121 

141 

21,970 

13,463 

8,507 

25-29 

426 

186 

240 

36,564 

22,074 

14,490 

30-34 

684 

311 

373 

58,447 

36,286 

22,161 

35-39 

1,334 

615 

719 

108,330 

67,126 

41,204 

40-44 

2,332 

1,120 

1,212 

174,673 

108,780 

65,893 

45-49 

3,892 

1,922 

1,970 

254,557 

156,155 

98,402 

50-54 

5,939 

3,128 

2,811 

325,113 

199,835 

125,278 

55-59 

8,627 

4,810 

3,817 

373,030 

224,430 

148,600 

' 60-64 

12,621 

7,019 

5,602 

373,597 

192,608 

180,989 

65-69 

19,515 

10,404 

9,111 

383,985 

145,240 

238,745 

70-74 

28,668 

14,643 

14,025 

469,675 

170,269 

299,406 

75-79 

37,187 

17,264 

19,923 

466,435 

153,684 

213,751 

80-84 

37,824 

16,046 

21,778 

268,528 

82,958 

185,570 

85  & Over 

42,176 

15,117 

27,059 

50,215 

12,819 

37,396 

349 


TABLE  30 


Number  of  Deaths  from  Disease  of  the  Arteries  and  the  Estimated  Indirect 


Costs  Due  to  These  Deaths,  United  States, 


1%7  10,11,12,15 


Age 

Number 

of  Deaths 

Indirect  Costs  (in  thousands) 

Total 

Male 

Female 

Total 

Male 

Female 

Total 

53,312 

27,113 

26,199 

$697,608 

$380,935 

$316,673 

Under  1 

7 

5 

2 

219 

176 

43 

1-4 

8 

4 

4 

260 

161 

99 

5-9 

8 

6 

2 

389 

323 

66 

10-14 

36 

15 

21 

2,017 

1,084 

933 

15-19 

82 

22 

60 

5,374 

2,056 

3,318 

20-24 

119 

32 

87 

8,810 

3,561 

5,249 

25-29 

100 

30 

70 

7,786 

3,560 

4,226 

30-34 

152 

69 

83 

12,982 

8,051 

4,931 

35-39 

234 

87 

147 

17,920 

9,496 

8,424 

40-44 

316 

176 

140 

24,705 

17,094 

7,611 

45-49 

574 

354 

220 

39,750 

28,761 

10,989 

50-54 

909 

625 

284 

52,586 

39,929 

12,657 

55-59 

1,626 

1,158 

468 

72,251 

54,031 

18,220 

60-64 

2,740 

1,940 

800 

79,082 

53,236 

25,846 

65-69 

4,328 

2,932 

1,396 

77,512 

40,931 

36,581 

70-74 

6,507 

4,061 

2,446 

99,438 

47,221 

52,217 

75-79 

8,709 

4,640 

4,069 

105,180 

41,305 

63,875 

80-84 

10,303 

4,782 

5,521 

71,767 

24,723 

47,044 

85  & 0v« 

r 16,554 

6,175 

10,379 

19,580 

5,236 

14,344 

350 


TABLE  31 


Number  of  Deaths  from  Hypertension  and  the  Estimated  Indirect  Costs 
Due  to  These  Deaths,  United  States,  1967  ^ » H , 12 , 15 


Number 

of  Deaths 

Indirect  Costs  (in 

thousands) 

Age 

Total 

Male 

Female 

Total 

Male 

Female 

Total 

61,109 

27,118 

33,991 

$ 1,264,461 

$629,254 

$635,  207 

Under 

L 2 

1 

1 

57 

35 

22 

1 4 

5-9 

1 

— 

1 

33 

— 

33 

10-14 

4 

1 

3 

205 

72 

133 

15-19 

15 

7 

8 

1,096 

654 

442 

20-24 

46 

22 

24 

3,896 

2,448 

1,448 

25-29 

110 

64 

46 

10,372 

7,595 

2,777 

30-34 

279 

136 

143 

24,364 

15,868 

8,496 

35-39 

625 

323 

302 

52,562 

35,255 

17,307 

40-44 

1,152 

611 

541 

88,756 

59,343 

29,413 

45-49 

1,792 

1,014 

778 

121,244 

82,383 

38,861 

50-54 

2,763 

1,564 

1,199 

153,354 

99,918 

53,436 

55-59 

3,794 

2,113 

1,681 

164,033 

98,590 

65,443 

60-64 

4,959 

2,696 

2,263 

147,094 

73,981 

73,113 

65-69 

6,815 

3,373 

3,552 

137,281 

47,087 

90,194 

70-74 

8,761 

4,040 

4,721 

147,761 

46,977 

100,784 

75-79 

10,161 

4,234 

5,927 

130,733 

37,691 

93,042 

80-84 

9,526 

3,584 

5,942 

69,161 

18,529 

50,632 

85  & Ch 

/!  r 10,304 

3,335 

6,969 

12,459 

2,828 

9,631 

351 
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discount  rate  to  convert  a stream  of  costs  into  its  present  worth." 

Several  of  these  economic  concepts  are  briefly  described  below: 

1.  Cross-Sectional  Earnings.  "The  appropriate  measure  for  estimating  the 
lifetime  value  of  an  individual’s  output  is  the  mean  earnings  (wages  and 
salaries  before  deductions)  of  men  and  women  full-time,  year-round  civilian 
workers.  The  mean  earnings  in  five-year  age  intervals  are  adjusted  upward 
to  take  cognizance  of  wage  supplements  — employer  contributions  for  social 
insurance,  private  pension,  and  welfare  funds.  In  the  application  of  these 
cross-section  survey  data  to  the  estimates  of  lifetime  earnings,  the  assump- 
tion is  that  the  future  pattern  of  earnings  for  an  average  individual  will 
remain  the  same  as  that  reported  for  the  base  year.  This  model  recognizes 
that  the  average  individual  may  expect  his  own  earnings  to  rise  as  he  ages 

and  gains  experience  in  accordance  with  the  cross-section  data  for  the  base 
„16 

year. 

2.  The  Discount  Factor . "The  value  of  money  changes  with  time  so  that  in 
order  to  calculate  the  present  monetary  value  of  man,  his  future  expected 
earnings  must  be  converted  to  their  worth  today.  Banks  and  Kotz  state  that 
’a  given  sum  is  normally  worth  more  today  than  an  equal  sum  at  some  future 
date,  because  the  money  (or  resources)  can  be  profitably  invested  (or 
consumed)  in  the  interval  between  today  and  the  future.  Interest  is  the 
premium  paid  to  reflect  the  fact  that  any  given  sum  or  resources  could  be 
put  to  profitable  uses  over  a period  of  time... It  follows  that  the  value 

of  money  which  is  not  currently  available,  but  which  will  become  available 
(or  spent)  some  years  hence  must  be  discounted  for  the  interest  which 
could  be  earned  in  the  interim,  which  is  why  the  present  value  of  a dollar 
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to  be  received  in  the  future  is  always  less  than  100  cents.'  The  selection 


of  the  discount  rate  is  most  important  since  its  effect  is  considerable. 

The  higher  the  discount  rate,  the  lower  the  present  value  of  future  earnings. 
. . .The  Bureau  of  the  Budget  recently  issued  a directive  that  the  approp- 
riate discount  rate  to  be  used  by  the  government  agencies  in  evaluating 
deferred  costs  and  benefits  is  10  percent.  While  future  earnings  must  be 
discounted  to  reflect  lost  interest,  average  annual  earnings  must  be 
increased  to  reflect  gains  in  productivity.  The  discount  rate,  rather  than 
the  earnings,  can  be  adjusted  for  expected  changes  in  productivity .. .An 

assumption  of  3.0  percent  annual  increase  in  productivity  yields  a net 

"16 

discount  rate  of  6 percent  (1.10/1.03-1.06). 

3.  Allowance  for  Consumption.  "In  measurement  of  losses  to  an  individual 

family,  as  calculated  by  insurance  companies,  consumption  is  treated  as  a 

deduction  from  a person's  contribution  to  output.  However,  in  measurement 

of  losses  to  society,  as  calculated  here,  consumption  is  viewed  as  an  end 

16 

in  itself  and  therefore  not  deducted  from  lost  earnings."  This  treatment 
of  consumption  is  explained  more  fully  by  Klarman  in  the  following  quote'. 
"Diversity  of  opinion  still  prevails  regarding  the  treatment  of  consumption. 
Insurance  companies  and  families  should,  of  course,  deduct  consumption  in 
their  calculations  of  the  economic  value  of  a man.  Unlike  insurance  com- 
panies or  families,  society  as  a whole  is  concerned  with  total  output,  of 
which  consumption  is  the  major  component.  Man  is  not  a machine,  and  con- 
sumption is  the  ultimate  goal  of  economic  activity.  On  this  basis,  net 

production  after  consumption  is  not  relevant  to  the  economist's  central 

3 

concern,  and  consumption  should  not  be  deducted."  Fein  also  interprets 
consumption  as  an  end  in  itself  in  the  following  quote:  "Certainly  the  net 
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figure  (gross  value  less  consumption)  derived  by  Dublin  and  Lotka  to  indicate 

the  money  value  of  a man  to  his  family  is  correct  for  their  purposes.  It 

is  not  at  all  apparent,  however,  that  the  net  concept  is  the  correct  one 

when  we  deal  with  the  economic  value  of  a man  to  society.  It  is  true  that 

man  consumes  partly  in  order  to  maintain  himself,  and  in  this  sense  some 

of  his  consumption  may  be  considered  as  a gross  investment  to  take  care 

of  his  depreciation;  it  is  also  true,  however,  that  consumption  is  an  end 

in  itself  and  can  be  viewed  as  a final,  rather  than  an  intermediate,  step 

17 

in  the  creation  of  other  products. 
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APPENDIX  E 


IMPACT  OF  BASIC  RESEARCH  ON  THE  PRACTICE  OF  MEDICINE: 

EXAMPLES  FROM  THE  FIELD  OF  ARTERIOSCLEROSIS 

Basic  Research 

Scientists,  including  medical  investigators,  have  been  criticized  for  their 
failure  to  explain  adequately  to  the  public  and  public  officials  the 
need  for  continued  investment  in  people  and  facilities;  investments  that 
will  optimize  research  in  a variety  of  scientific  fields.  There  are 
probably  many  reasons  for  this  failure.  Many  of  the  most  productive  sci- 
entists spend  long  hours  in  their  laboratories  or  clinics,  pursuing  clues 
and  solving  scientific  puzzles.  They  are  thoroughly  convinced  about  the 
importance  of  their  work  for  the  society  in  which  they  live,  but  they  usually 
give  little  thought  to  sharing  their  excitements  and  convictions  with  others 
outside  their  special  field.  In  many  instances  barriers  of  a technical  nature 
make  it  all  but  impossible  to  publicize  the  most  recently  acquired  knowledge 
without  gross  distortions  of  the  essential  elements. 

Although  science  writers  are  informing  the  public  about  new  developments 
in  science,  they  tend  to  concentrate  their  efforts  on  innovations  with 
readily  identifiable  practical  consequences.  Medical  discoveries  are 
frequently  presented  as  the  result  of  one  or  more  year's  work  by  investi- 
gators who  tried  to  solve  a specific  medical  problem.  Rarely  is  the 
public  given  the  opportunity  to  learn  about  the  complicated  interactions 
between  earlier  developments  in  apparently  unrelated  fields  which  laid  the 
groundwork  for  the  later  work.  This  account  was  written  to  show  that 
certain  developments  in  the  physical  and  biological  sciences  more  than  50 
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years  ago  are  coining  to  fruition  in  providing  a better  understanding  of  the 
mechanisms  of  atherogenesis  and  thereby  leading  to  improved  diagnosis  and 
treatment  of  the  disease. 

Arteriosclerosis 

Arteriosclerosis  is  readily  recognized  when  it  has  reached  a very  dangerous 
stage,  as  when  a person  becomes  the  victim  of  a heart  attack  or  stroke. 

At  this  stage  the  disease  is  near  its  endpoint:  death  or  prolonged  dis- 

ability. 

Considerable  progress  has  been  made  in  identifying  elements  of  this  disease 
pattern  long  before  the  condition  reaches  the  irreversible  stage.  Some  of 
these  elements  are:  cholesterol  deposition  in  the  arterial  wall,  fibrosis, 

hemorrhage,  thrombosis,  and  calcification.  Some  of  the  scientific  develop- 
ments that  have  produced  major  advances  in  our  understanding  of  this 
complex  disease  are  shown  in  Figure  1.  At  the  top  are  three  technical  and 
methodological  developments  for  the  quantitative  analysis  of  lipids,  pro- 
teins, and  carbohydrates.  The  quantitative  knowledge,  combined  with  the 
use  of  radioactive  isotopes  and  biochemical  studies  of  cell  components, 
has  led  to  understanding  of  the  structure  and  metabolism  of  blood  lipo- 
proteins. One  or  more  of  these  lipoproteins  are  major  factors  in  the 
development  of  arteriosclerosis.  In  the  following  sections  we  have 
traced  the  impact  of  some  major  developments  in  the  basic  sciences  on  our 
current  knowledge  about  blood  lipoproteins  and  arteriosclerosis. 

Ultracentrifugation 

When  in  1908  T.  Svedberg  obtained  his  Ph.D.  in  physical  chemistry  at  the 
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FIGURE  1 
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University  of  Uppsala  he  could  not  know  that  his  graduate  work  on  the 
preparation  of  colloidal  metal  particles,  which  were  too  small  to  be  seen 
with  a microscope,  was  the  first  step  on  the  road  to  a discovery  of  major 
medical  importance.  And  even  today  scientists,  working  on  the  structure 
of  lipoproteins  in  the  bloodstream,  are  unaware  that  one  of  the  principal 
tools  used  in  their  studies  was  developed  to  satisfy  the  curiosity  of  a 
colloid  chemist. 

Svedberg  was  aware,  of  course,  that  blood  cells  can  be  separated  from  the 
plasma  by  letting  a tube  of  whole  blood  stand  for  an  hour  or  so.  The  cells, 
being  heavier  than  plasma,  settle  slowly  under  the  influence  of  gravity. 

He  also  knew  that  the  effects  of  gravity  can  be  enhanced  a thousandfold  by 
spinning  the  blood  in  a laboratory  centrifuge . If  he  could  devise  a 
centrifuge  which  outperformed  the  laboratory  model  by  several  hundred  or 
a thousandfold,  he  was  sure  that  he  could  sediment  his  metallic  particles, 
and  learn  a great  deal  about  their  properties.  However,  many  engineering 
problems  faced  him.  The  tubes  and  rotors,  used  in  the  laboratory  centri- 
fuge, exploded  when  they  were  subjected  to  the  immense  forces  developed  in 
an  "ultracentrifuge."  Frictional  forces  between  the  rotor  and  air  over- 
heated the  rotor  and  heated  the  samples  inside. 

Partly  as  the  result  of  research  performed  at  the  University  of  Wisconsin 
in  the  early  twenties,  Svedberg  was  able  to  solve  these  problems.  In  1926 
he  was  awarded  the  Nobel  Prize  in  Chemistry  and  Physics  for  this  work  and 
the  application  to  the  study  of  proteins. 

One  more  step  was  needed  before  the  ultracentrifuge  could  be  applied  to 
the  study  of  lipoproteins,  which,  by  the  way,  were  not  even  known  to  exist 
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in  1926.  It  seems  a simple  step  now,  but  no  one  had  thought  of  it  until 
1949  when  Dr.  Gofman  and  colleagues,  at  the  University  of  California, 
reported  that  lipid-protein  complexes  of  blood  plasma  could  be  separated 
in  the  ultracentrifuge  in  much  the  same  way  that  cream  is  separated  from 
whole  milk.  They  showed  that  by  increasing  the  density  of  blood  plasma 
with  salt  before  ultracentrifugation,  the  lipoproteins  floated  to  the 
surface.  Shortly  after  this  discovery,  Gofman  and  his  colleagues  in 
Berkeley,  as  well  as  biochemists  elsewhere,  were  able  to  exploit  this 
method,  not  only  for  the  study  of  lipoprotein  chemistry,  but  also  as  a 
diagnostic  tool  for  lipoprotein  abnormalities  which  appeared  to  be  related 
to  the  causes  of  arteriosclerosis.  While  these  studies  were  going  forward, 
A.W.K.  Tiselius,  contributed  unwittingly  to  another  major  development  in 
the  diagnosis  of  lipoprotein  abnormalities. 

Electrophoresis 

Tiselius  studied  chemistry  at  Uppsala  and  became  an  assistant  to  Svedberg 
at  about  the  time  that  Svedberg  received  the  Nobel  Prize  for  his  work  on 
the  ultracentrifuge.  Tiselius  was  assigned  the  task  of  separating  large 
molecules  such  as  proteins.  After  about  five  years,  in  1930,  Tiselius 
presented  his  doctoral  dissertation  on  the  separation  of  proteins  according 
to  their  electrical  charge.  In  1949  he  was  awarded  the  Nobel  Prize  for  this 
and  other  work  on  protein  separation.  Although  Tiselius'  electrophoretic 
methods  were  used  extensively  for  the  quantitation  of  blood  proteins,  it 
took  other  developments  before  electrophoresis  became  a useful  method  in 
the  separation  and  assay  of  serum  lipoproteins.  In  the  early  sixties  the 
work  of  Svedberg,  Tiselius,  and  many  other  scientists  finally  provided 
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clinical  laboratories  all  over  the  world  with  tools  for  the  diagnosis  of 
lipoprotein  abnormalities. 

Chromatography 

In  1906  a Russian  botanist,  M.  Tswett,  published  the  first  chromatographic 
method  for  the  separation  of  plant  pigments.  The  method  was  so  simple,  and 
esthetically  so  pleasing,  that  It  is  difficult  to  understand  why  it  took 
some  25  to  30  years  before  other  scientists  began  to  use  similar  methods 
in  other  fields.  Tswett  applied  extracts  of  plant  materials  to  a small 
piece  of  paper  and  showed  that  he  could  separate  multicolored  bands  by 
letting  a small  amount  of  solvent  displace  the  pigments. 

Although  the  method  was  used  by  industrial  chemists  to  separate  dye-stuffs 
no  one  extended  it  beyond  this  limited  application  until  shortly  before 
World  War  II.  At  that  time  the  International  Wool  Secretariat,  representing 
the  wool  growers  of  Australia,  New  Zealand,  and  South  Africa , became  concerned 
about  the  increasing  use  of  artificial  fibers.  Among  other  things,  the 
Secretariat  decided  to  support  fundamental  studies  on  the  composition  of 
wool  fibers.  They  gave  a fellowship  to  R.L.M.  Synge  of  Cambridge,  England, 
to  devise  analytical  methods  for  the  study  of  wool  proteins.  Synge,  with 
^the  help  Martin,  extended  Twsett's  method  by  developing  and  testing 

a theory /of  "partition  chromatography . " They  utilized  silica,  starch  resins, 
and  patfer  for  the  quantitative  analyses  and  preparation  of  proteins,  carbo- 
-iiydx^tes , lipids,  antibiotics,  vitamins,  and  a host  of  other  organic  and 
inorganic  materials.  Their  work  was  recognized  by  the  award  of  the  Nobel 
Prize  in  1952.  The  methodology,  started  by  Martin  and  Synge,  and  adapted 
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by  many  others  to  their  own  specialties,  had  an  unparalleled  impact  on  the 
development  of  lipid  and  lipoprotein  methods.  In  particular,  thin  layer 
chromatography  and  gas  liquid  chromatography  made  it  possible  to  quantitate 
the  lipid  fractions  of  blood  in  about  l/100th  to  l/1000th  of  the  time  re- 
quired previously. 

With  the  help  of  chromatography,  electrophoresis,  and  ultracentrifugation 
medical  scientists  can  uncover  risk  factors  for  arteriosclerotic  heart 
disease  even  in  infants  at  birth.  Apparently  one  out  of  every  hundred 
infants  has  an  elevation  of  blood  lipoproteins  that  increases  his  risk  of 
heart  disease  in  later  life — a risk  that  we  may  be  able  to  lower  by 
appropriate  alterations  in  diet  for  some,  and  by  drug  therapy  for  others. 

The  Swedish,  British,  and  Russian  scientists  were  solving  problems  in 
areas  far  removed  from  medical  practice,  but  people  all  over  the  world  have 
benefited  from  their  research  by  improved  diagnosis  and  treatment  of 
cardiovascular  disease. 

Radioactive  Isotopes 

The  methods  described  so  far  gave  great  impetus  to  the  development  of 
modern  medicine.  But  the  application  of  radioactive  isotopes  to  the 
study  of  physiology  and  biochemistry  introduced  an  entirely  new  dimension 
to  our  understanding  of  biological  processes.  Before  World  War  I,  biologists 
thought  of  living  organisms  as  static  structures,  machines  which  were 
subject  to  wear  and  tear.  Organs  and  tissues  were  thought  to  be  renewable 
to  a limited  extent,  only  when  a part  had  been  injured  or  worn  out. 

George  de  Hevesy,  an  inorganic  chemist  turned  physicist,  had  little  oppor- 
tunity to  think  about  the  life  processes.  As  a post  graduate  student  with 
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Rutherford  in  Manchester  he  was  given  the  task  of  separating  radium  D from 
other  radium  isotopes,  including  lead.  He  failed  in  this  intent.  However, 
he  turned  his  failure  into  success  by  using  radium  D as  a tracer  for  lead 
in  chemical  reactions,  much  as  tracer  bullets  are  used  to  follow  the  path 
of  bullets  in  the  same  stream. 

De  Hevesy  was  still  far  removed  from  biological  applications.  Tracing 
chemicals  was  of  little  value  to  the  biologist  until  radioactive  isotopes 
of  biologically  important  elements  became  available.  This  happened  more 
than  20  years  later,  in  1934,  when  de  Hevesy  produced  a small  quantity  of 
radioactive  phosphorus  by  bombarding  carbon  disulfide  with  neutrons.  In 
collaboration  with  others , de  Hevesy  traced  the  path  of  phosphates  in 
animal  food  through  many  biochemical  reactions.  These  reactions  are  now 
known  to  be  the  basis  for  the  intracellular  release  and  storage  of  energy. 
But  of  more  fundamental  importance  was  the  discovery  that  every  organ  in 
the  body  is  "turning  over"  at  a rapid  rate.  The  molecule  of  phosphate 
present  in  a red  blood  cell  might  be  in  the  spleen  as  part  of  its  energy 
generating  system  a few  minutes  later,  and  in  another  minute  or  two  find 
its  way  into  the  structural  components  of  the  skeleton. 

Biologists  and  medical  researchers  were  quick  to  recognize  the  new  insight 
about  the  chemistry  of  living  beings.  The  major  limitation  at  first  was 
the  lack  of  radioisotopes  of  biological  interest,  and  the  extremely  minute 
quantities  of  those  that  were  available. 

The  development  of  the  cyclotron  improved  the  situation  considerably, 

but  radioactive  isotopes  were  available  primarily  in  places  where  physicists 

were  busily  splitting  atoms.  The  real  push  in  the  production  of  radioactive 
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isotopes  came  with  the  Second  World  War  and  the  development  of  atomic 
weapons.  Although  isotopes  for  medical  studies  were  still  a side  product 
of  the  gigantic  arms  race,  the  prospects  of  radiation  damage  from  bombs 
and  nuclear  furnaces  made  it  imperative  that  effects  of  isotopes  be 
investigated . 

We  seem  to  have  strayed  rather  far  from  the  subject  of  arteriosclerosis. 
But,  in  fact,  have  we?  When,  after  World  War  II,  long  life  radioactive 
carbon  became  available  in  large  quantities,  the  door  to  metabolic  studies 
was  opened.  Physicists,  chemists,  and  biologists  joined  hands  in  the 
venture.  Today,  some  25  years  later,  medical  scientists  in  many  univer- 
sities and  hospitals  are  studying  the  control  of  cholesterol  synthesis  by 
organs  within  the  human  body.  They  now  know  that  in  addition  to  dietary 
cholesterol,  the  synthesis  of  cholesterol  by  liver  and  intestines  is  an 
important  source  of  blood  cholesterol.  They  are  studying  the;  mechanisms 
whereby  this  cholesterol,  which  is  found  in  the  blood  lipoproteins,  is 
deposited  in  the  arterial  wall  and  they  are  slowly  identifying  possible 
control  points  in  this  process.  A joint  Nobel  Prize  for  the  study  of 
cholesterol  biosynthesis  with  radioactive  carbon  was  awarded  in  1964  to 
Konrad  Bloch  at  Harvard  and  to  Feodor  Lynen  in  Munich.  The  Nobel  Prize 
for  George  de  Hevesy,  the  physicist  who  started  it  all,  was  awarded  in 
1943. 

Conclusions 

The  diagram  in  Figure  1 shows  only  a few  of  the  many  developments  that 
have  impinged  upon  our  present  day  knowledge  of  arteriosclerosis , a 
knowledge  that  still  is  pitifully  small.  The  blocks  in  Figure  1 are 
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not  independent.  Tiselius,  the  discoverer  of  electrophoresis,  was  a student 
of  Svedberg,  the  developer  of  the  ultracentrifuge.  The  ultracentrifuge  is 
used  widely  in  the  study  of  proteins  and  nucleic  acids  and  in  cell  frac- 
tionation, fields  of  immense  importance  in  the  study  of  metabolism. 

The  blocks  singled  out  for  extensive  discussion  did  not  originate  in 
medically  oriented  research  programs,  although  similar  developments  have 
come  about  as  a direct  result  of  research  by  physicians,  biochemists,  and 
other  paramedical  scientists.  But  the  purpose  of  this  discussion  is  to 
support  the  often  repeated  formula  that  "basic  research  is  good  for 
society."  We  have,  therefore,  concentrated  our  attention  on  several 
physicists,  chemists,  and  a botanist  whose  discoveries  some  30  to  60  years 
ago  have  had,  and  are  continuing  to  have,  a major  impact  on  the  development 
of  medical  science  and  the  delivery  of  medical  care. 
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